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ABSTRACT 
 
The raccoon dog (Nyctereutes procyonoides) is an omnivore canid  
with autumnal hyperphagia and fattening followed by 
wintertime passivity and food deprivation in boreal areas. The 
species d isplays several physiological and behavioural 
adaptations to survive wintertime scarcity. 
The aim of this thesis was to investigate the effects of 
restricted  feeding and wintertime fasting periods, lasting up to 
8–11 weeks between December and February, on the energy 
metabolism, well-being and reproductive endocrinology and 
success of farm-raised  raccoon dogs. Moreover, the wintertime 
rhythms of different physiological variables, activity and body 
temperature (Tb) were measured  in order to assess the wintering 
strategy of wild  raccoon dogs. This thesis is based  on three 
experiments conducted in 1992–2003 on farm-raised  raccoon 
dogs and two experiments in 2000–2006 on wild  raccoon dogs in 
eastern Finland. One study in 2000–2001 investigated  the effects 
of continuous melatonin treatment and fasting on thyroid  
hormones, sex steroids and the timing of reproduction. 
Body fat in the form of triacylglycerols was used  as the 
principal metabolic fuel during food deprivation. During fasting 
periods, body mass decreased  steadily by ca 50 g/ day. 
Wintertime restricted  feeding had  no influence on the plasma 
glucose, total protein, cortisol, estradiol or progesterone 
concentrations or on the reproductive success of the animals. 
This indicates versatile adaptive capacity in the species. The 
plasma testosterone concentrations of the fasted  males 
d isplayed a higher seasonal peak compared  to the fed  animals. 
Exogenous melatonin treatment advanced the development of 
winter pelage as well as the seasonal increases in testosterone 
and progesterone concentrations. The farm -raised  raccoon dogs 
were able to breed  successfully after a food deprivation period  
of up to 11 weeks in mid -winter. The highest mean number of 
cubs was produced by the females with BMI 24-26 kg/ m 3 at the 
beginning of the mating season. 
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The overwintering strategy of the wild  raccoon dog 
resembled  the patterns of winter sleep of bears and badgers, but 
the wintertime passivity (2–9 weeks in December–March) began 
later, was more intermittent and  the observed decrease in the 
average 24 h Tb during passivity was less pronounced (1.4–2.1 
ºC). The duration of passive overwintering correlated  positively 
with the autumnal body mass index. In winter, the wild  raccoon 
dogs had the highest Tb at 16:00–23:00 h and they were 
hypothermic in the morning hours between 06:00 and 11:00 h. 
The range of the 24 h oscillations increased by approximately 0.6 
ºC, and  the rhythmicity was more pronounced than in the snow -
free period . Ambient temperature and the depth of the snow 
cover were important determinants of the wintertime Tb 
rhythms. The average sizes of the home ranges in winter were of 
the same magnitude as during the snow -free period , and the 
animals used  2–5 shelters during wintering. It can be 
hypothesized that opportunistic behaviour with intermittent 
passivity could  be a crucial aspect in the successful wintering of 
the raccoon dog. These results also confirm the resistance of the 
species to prolonged periods of food deprivation. 
Periods with restricted  feeding and fasting would  cause no 
negative effects to raccoon dogs. Thus, these regimes could be 
applied  in the wintertime care of farm -raised  raccoon dogs in 
order to develop commercial fur production practices to be 
closer to the natural seasonal rhythms of the species. Winter 
sleep and food deprivation could  be introduced in farming 
conditions by provid ing the raccoon dogs with nest boxes and 
restricting feeding or withhold ing food for periods of up to 6–8 
weeks in the coldest mid -winter period . 
 
CAB Thesaurus: activity; body temperature; energy metabolism; 
fasting; food deprivation; home range; melatonin; Nyctereutes 
procyonoides; raccoon dog; reproduction; sex steroids; well-being; 
wintering strategy; winter sleep 
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Yleinen suomalainen asiasanasto: aktiivisuus; elinpiiri; energia-
aineenvaihdunta; hyvinvointi; lisääntyminen; paasto; ruumiinlämpö; 
sukupuolihormonit; supikoira; talvehtimisstrategia; talviuni  
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with me right up to this moment. I appreciate your forbearance, 
support and  understanding. For me, life itself is an interesting 
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BMI  Body mass index  
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CK  Creatine kinase 
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G6Pase Glucose-6-phosphatase 
GT Gamma-glutamyl transferase 
HDL High-density lipoprotein 
HP Heat production 
LDL Low-density lipoprotein 
LH Luteinizing hormone 
ME Metabolizable energy 
MEL Melatonin-treated  
NST Non-shivering thermogenesis 
RF Restrictively fed  
RIA Radioimmunoassay 
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1 Introduction  
The raccoon dog (Nyctereutes procyonoides Gray, 1834) is the only 
canid species reported to utilize a passive wintering strategy in areas 
with harsh winters (Nowak, 1993) and, according to the literature 
(Novikov, 1962), it can remain passive from November to March or 
early April in boreal latitudes. In Finland, the wintertime passivity of 
the raccoon dog is thought to last for several months during snowy and 
cold periods (Siivonen, 1972; Korhonen et al., 1984a). It is generally 
accepted that the raccoon dog is one of the mammalian species in the 
northern latitudes that exhibits winter sleep similar to that of bears 
(Ursus spp.), Eurasian and American badgers (Meles meles and 
Taxidea taxus) and striped skunks (Mephitis mephitis). However, 
during mild weather, raccoon dogs have been observed to emerge from 
dens and to forage even in mid-winter in Central Europe (Drygala et al., 
2008; Kauhala and Kowalczyk, 2011) as well as in Finland, for 
instance in North Karelia (Juha Asikainen, personal observations). The 
depth of winter sleep could be assumed to depend on the amount of 
stored fat; animals that have insufficient fat reserves would in this case 
be more active in winter. Yet it remains disputed whether the raccoon 
dog should be classified among the species displaying shallow torpor 
(winter sleep, carnivorean lethargy) with obligatory or facultative 
patterns. It would be important to investigate the adaptations of the 
raccoon dog to wintertime food scarcity and to determine the tolerance 
of the species to total fasting. The physiological phenomena and 
behavioural adaptations utilized to overcome naturally occurring food 
deprivation periods are also of interest. 
As the raccoon dog was able to successfully colonize regions in the 
boreal latitudes in the late 1900’s (Siivonen, 1972), its adaptations to 
seasonal coldness, with nutritional scarcity following the autumnal 
food abundance, can be surmised to be well developed. In boreal 
latitudes, raccoon dogs manage to raise large litters after long winters, 
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during which they may lose over 40% of their body mass (BM; 
Kauhala, 1993). In order to unravel the complex adaptations required 
to overwinter successfully in northern latitudes, more data on the key 
factors of the wintering physiology and behaviour of this species are 
needed. Moreover, the raccoon dog is at present an important fur-
producing species in Finland, and insufficient data are available on 
how to rear these animals in winter as naturally as possible. For 
instance, the Finnish Strategy for the Well-being of Production 
Animals (Ministry of Agriculture and Forestry, 2006) encourages 
researchers to explore the needs of the raccoon dog in the context of 
winter sleep. 
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2 Review of the literature 
2.1 THE RACCOON DOG 
 
2.1.1 Classification 
The raccoon dog is a middle-sized canid of the order Carnivora native 
to eastern Asia (Siivonen, 1972). The name of the genus Nyctereutes is 
derived from the Greek words νύξ/νύχιος [nýx/nýkhios] and 
ἐρεύω/ἐρευτής [ereúo/ereutés], meaning “nighttime collector” 
describing the nocturnal activity of the species. The epithet 
procyonoides derives from πρό-κυνώδης [pró-kynódes] meaning 
“before dog-like”. The taxonomic position of Nyctereutes within the 
Canidae has been recently established, and the raccoon dog is 
phylogenetically close to fox-like canids such as the red fox Vulpes 
vulpes and the arctic fox V. lagopus (Graphodatsky et al., 2008). Six 
raccoon dog subspecies have been distinguished (Heptner et al., 1974; 
Stains, 1975; Ikeda et al., 1979; Mäkinen et al., 1986; Ward and 
Wurster-Hill, 1990; Kauhala, 2000; Ansorge et al., 2009; Kauhala and 
Kowalczyk, 2011). N. p. procyonoides (Gray, 1834) inhabits southern 
China and northern Indochina. N. p. ussuriensis (Matschie, 1907) is 
indigenous to northern China and southern parts of Amur and Ussuri. 
N. p. orestes (Thomas, 1923) inhabits mountainous regions of Yunnan 
in China and N. p. koreensis (Mori, 1922) is found in Korea. The 
tanuki N. p. viverrinus (Temminck, 1838) and N. p. albus (Beard, 1904) 
are the Japanese subspecies. The raccoon dog of mainland Asia is more 
generalized in its feeding habits than the tanuki and probably better 
adapted to survive the extreme climate of northern latitudes (Korhonen 
et al., 1991; Kauhala and Saeki, 2004).  
 
2.1.2 Immigration to and recent status of the raccoon dog in 
Finland 
Between 9,000 and 10,000 raccoon dogs of the subspecies N. p. 
ussuriensis were introduced and restocked in the European part of the 
former Soviet Union as a fur-producing game animal in 1928‒1955 
(Lavrov, 1971; Nowak, 1984; Ansorge et al., 2009). Subsequent 
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former Soviet Union as a fur-producing game animal in 1928‒1955 
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20 
 
dispersions to western Europe within a relatively short period of time 
give an indication of the strong colonizing ability of the species 
(Nowak, 1984; Kowalczyk, 2006; Kauhala and Kowalczyk, 2011). 
While the dispersion to new environments was mostly unsuccessful in 
the North West of the Soviet Union, the raccoon dog was able to form 
a prolific population in East Karelia and the Leningrad region near the 
Finnish frontier (Lavrov, 1971). This growing population continued to 
disperse into the surrounding areas and eventually crossed the border 
into Finland. The first regular observations of raccoon dogs occurred in 
the southeasternmost parts of Finland in the mid-1950’s. There was a 
time-lag of about 10 years until a rapid population increase started in 
the mid-1960’s. Since then, the raccoon dog has expanded its 
distribution area to the west and northwest by 30‒60 km per year 
(Helle and Kauhala, 1991). During the 1980’s, the raccoon dog 
populations reached their carrying capacity in the southern and central 
parts of the country (Kauhala, 1992). In the early 1990’s, the northern 
distribution limit of the species in Finland was between 65 ºN and the 
Arctic Circle. The mean annual ambient temperature (Ta; < 0 ºC), 
length of the growing season (< 135 days), depth of snow cover (> 80 
cm) and duration of the permanent snow cover (> 175 days) were 
surmised to limit the success of the raccoon dog in the North (Lavrov, 
1971; Helle and Kauhala, 1991). From Finland the species has spread 
to Sweden, where the first documented reproduction was in 2006, but 
the first raccoon dog was observed already in 1945 (Herfindal et al., 
2012). 
At present, the population density of raccoon dogs is the highest in 
southern and southeastern Finland. The estimated number of adult 
raccoon dogs in spring is 85,000. After reproduction, the autumnal 
population is estimated to be 2.7 × the number of adult animals in 
spring. Almost half of the population is hunted each year. The yearly 
catch (164,000 individuals in 2010) has doubled during the last decade 
(Riista- ja kalatalouden tutkimuslaitos, 2011). Recently, the most 
rapidly growing quarries are located in northern Finland, with the 
exception of the northernmost parts of the country. 
Pitra et al. (2010) and Ansorge et al. (2009) investigated the genetic 
variation of raccoon dog populations from several locations in Finland 
and Germany. The reconstructed phylogenies reveal that there are two 
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major clades of European raccoon dogs. A total of nine haplotypes 
were found, with a sequence divergence of 0.2–3.2%. 
 
2.1.3 Feeding habits, seasonal adaptations and wintering 
An important factor behind the raccoon dog’s success is the very high 
plasticity of the species. The raccoon dog is a generalist predator with 
omnivorous and opportunistic feeding habits (Kauhala et al., 1998b; 
Kauhala and Kowalczyk, 2011). Its diet is highly variable, but it 
generally specializes in carrion in winter and berries in late summer. 
Other seasonally important food items are frogs, insects, diverse plant 
matter, mammals and birds. The composition of the diet varies 
significantly between seasons and habitats depending on the 
availability of different food items (Viro and Mikkola, 1981; 
Jędrzejewski et al., 1989; Kauhala et al., 1993; Sidorovich et al., 2008; 
Mustonen et al., 2012).  
Juvenile raccoon dogs reach adult body length at the age of 5‒7 
months with no sexual dimorphism in the average body size (Kauhala, 
1993). The weather in spring has an influence on annual and regional 
variations in BM as well as on the fat reserves of juvenile raccoon dogs 
in late autumn. The adults have the lowest fat reserves in May‒June 
and the highest in October‒December (Korhonen, 1988ab; Kauhala, 
1993). The raccoon dog has small, bare footpads and short legs, which 
may have an influence on in its adaptation to cold and snowy winters. 
The insulatory properties of the pelage were originally evolved for the 
northern temperate climate in eastern Asia, and the thermal insulation 
of the winter pelage of the farmed raccoon dog is higher than that of 
the tanuki and almost as good as that of the blue fox, a farmed variant 
of the arctic fox, especially on the dorsal side of the body (Korhonen 
and Harri, 1986, 1989; Korhonen et al., 1991). In addition, the hairs of 
the underfur on the dorsum are longer and thinner than those of the 
blue fox (Asikainen, 1983; Korhonen and Harri, 1989). The thickness 
of the underfur is approximately the same in both species as is also the 
wintertime thermal insulation (8‒9 clo; Scholander et al., 1950 for the 
arctic fox, Korhonen et al., 1984b for the blue fox). The total weight of 
the raccoon dog’s winter pelage per anatomical region is highest on the 
back and lower on the flanks and the abdomen (Korhonen et al., 
1984b). Seasonal changes in the pelage influence the metabolic 
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responses to Ta (Korhonen et al., 1983). In the latitudes of North 
Karelia, the winter fur matures at the end of November and the 
beginning of December (Asikainen, 1983).  
The requirements for metabolizable energy (ME) increase gradually 
during the growth of young raccoon dogs (Korhonen et al., 1984a). 
Determined by heat production (HP), the requirements for ME reach 
the autumnal adult level (2,000 kJ/animal/day) by the age of four 
months. The metabolic response to Ta can be measured by oxygen 
consumption (ml/kg0.75/min) of the animals at various Ta. 
Measurements indicate that the resting metabolic rate (RMR) of the 
adult raccoon dog is 11‒12 ml/kg0.75 (Korhonen et al., 1983; Korhonen 
and Harri, 1984, 1989). The RMR in winter is lower than that of the 
similar-sized blue fox and it has been suggested that it is a 
preadaptation to winter rest (Korhonen et al., 1983). Although the 
raccoon dog has a thick and warm winter pelage, its lower critical 
temperature (Tlc) is close to +10 ºC compared to the value of ‒7 ºC in 
the blue fox in winter (Korhonen and Harri, 1989; Fuglesteg et al., 
2006). The Tlc of the raccoon dog is quite high for a homeotherm living 
successfully in the subarctic. Below thermoneutrality, the oxygen 
consumption of the raccoon dog increases by about 0.28 ml/metabolic 
BM/min when the Ta decreases by 1 ºC. The capacity for non-
shivering thermogenesis (NST), observable in weaned pups, is absent 
in adult raccoon dogs (Korhonen et al., 1985). Instead of NST, adults 
resort to shivering or locomotor activity in conditions, where extra HP 
is needed.  
 
2.1.4 Breeding and productivity in nature 
The raccoon dog has a vernal monoestrous and -gamous breeding 
system with a sex ratio of 1:1 (Valtonen et al., 1977; Helle and 
Kauhala, 1995). Both males and females achieve sexual maturity at the 
age of 9‒11 months. They nest together over the winter (Kauhala and 
Helle, 1994) and mate between February and April, usually in March 
(Nowak, 1993). The gestation period lasts for approximately nine 
weeks and cubs are born between April and June. Most females deliver 
cubs annually. The reproductive value is highest among 2–3-year-old 
females (Helle and Kauhala, 1995). The mean litter size in Finnish 
wild raccoon dogs is 7‒9 cubs and the productivity of one-year-old 
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females is 5.5 cubs per female (Kauhala, 1992). The productivity is 
highest in southern Finland and lowest in North Karelia. The 
proportion of breeding females in the population is 80% (Helle and 
Kauhala, 1995). Raccoon dogs usually whelp in a lair or den, which 
may have been burrowed or used previously by foxes or badgers (J. 
Asikainen, personal observations; Sutor and Schwarz, 2012). Both 
parents contribute to the care of the offspring and the role of the male 
in keeping the cubs warm is pivotal (Yamamoto, 1987; Kauhala et al., 
1998a). 
Differences in climate can partly explain regional variation in the 
productivity of the raccoon dog (Helle and Kauhala, 1995). The length 
of the snow-free period affects the BM of juveniles, and this in turn 
explains most of the regional variation in the proportion of reproducing 
raccoon dog females in Finland. In older females, the weight gain in 
autumn correlates positively with the litter size in the following spring 
(Kauhala, 1992). 
 
2.2 RACCOON DOG AS A FARM ANIMAL 
 
In Finland, the rearing of the raccoon dog for the fur trade began in the 
early 1970’s with animals from wild stock (Mäkelä, 1973; Mäkelä and 
Kiiskinen, 1978) and this thick-furred species quickly became a 
popular farm animal (Korhonen and Harri, 1986). Wintertime rearing 
practices were developed according to the previous guidelines for the 
blue fox. Farmed raccoon dogs were observed to utilize winter sleep 
during harsh winters during the first farming trials in the 1930’s 
(Johansson and Klemettilä, 2008). Farm-reared animals also show 
indications of decreased appetite and activity from the end of 
December onwards (J. Asikainen, personal observations; Johansson 
and Klemettilä, 2008). During summer and autumn ad libitum feeding 
is utilized, while in mid-winter and early spring (November–March) 
the animals are provided with restricted feeding (Asikainen, 1993, 
unpublished data). 
In a short period of time, farmed raccoon dogs were successfully 
mated with polygamia with a sex ratio of one male to three females 
(Asikainen, 1983; Haverinen, 1986). At present, artificial insemination 
is also used. The reproductive performance of Finnish farm-raised 
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females is 5.5 cubs per female (Kauhala, 1992). The productivity is 
highest in southern Finland and lowest in North Karelia. The 
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2.2 RACCOON DOG AS A FARM ANIMAL 
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early 1970’s with animals from wild stock (Mäkelä, 1973; Mäkelä and 
Kiiskinen, 1978) and this thick-furred species quickly became a 
popular farm animal (Korhonen and Harri, 1986). Wintertime rearing 
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the animals are provided with restricted feeding (Asikainen, 1993, 
unpublished data). 
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raccoon dogs was 5.5 cubs per mated female in 1995, 6.1 in 2000 and 
5.8 in 2008 (Suomen Turkiseläinten Kasvattajain Liitto ry, 1996, 2001, 
2011). The litter size of raccoon dog females in Polish fur farms was 
significantly influenced by the year of observation, the age of the 
females and the duration of gestation (Ślaska, 2002). The number of 
weaned cubs was affected by the date of heat and the whelping date, 
while genetics seemed to have only minor effects on these traits. 
Preliminary wintertime feeding results indicate that in Finnish farm-
bred raccoon dogs the reproductive performance may be lower with 
unhindered than with restricted feeding (Asikainen et al., 1993, 1995). 
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3 Aims of the study  
This work was a part of a project studying seasonal metabolic and 
endocrinological adaptations of medium-sized canids in a boreal 
climate and the applications of these phenomena to fur farming 
practices. The specific aims of this thesis were as follows:  
 
1. What are the basic physiological and behavioural adaptations of the 
raccoon dog to overcome harsh winters and food scarcity? Is the 
wintertime passivity of wild raccoon dogs controlled by environmental 
factors, such as Ta, photoperiod and depth of snow cover? 
2. What are the effects of long-term wintertime food deprivation on 
well-being and reproduction, and how long are farm-bred raccoon dogs 
capable of tolerating food deprivation?  
3. Should the wintering strategy of the raccoon dog be classified as 
winter sleep or as wintertime passivity/lethargy?  
4. How could the adaptations to wintering of the wild raccoon dog be 
applied to the practices of breeding farm-raised raccoon dogs in order 
to enhance the ethical treatment of the animals?  
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4 Materials and methods 
4.1 STUDY DESIGNS, EXPERIMENTAL ANIMALS AND 
TREATMENTS  
 
4.1.1 Study areas and ethical issues 
The experiments with captive raccoon dogs were carried out at the 
Research Farm for Fur Bearing Animals of the University of Joensuu, 
Liperi commune, Finland (62.509349 ºN; 29.363288 ºE; I) in 
1992‒1995, at a commercial fur farm, in the years 2000-2001 (Jussin 
Turkis, Liperi, 62.559963 ºN, 29.125776 ºE; II) and at the Research 
Station of the University of Kuopio, Juankoski commune in 
2002‒2003 (63.029335 ºN, 28.382274 ºE; IV). The study area of wild 
raccoon dogs in 2000‒2002 (III) and 2004‒2006 (V) was located in 
Kaatamo and Ristinkylä villages in Liperi (62.555957 ºN, 29.163775 
ºE). The region has a continental climate with an average annual Ta of 
+2.0 ºC and a precipitation of 600 mm. The summers are relatively 
warm (mean and max in July +15.8 and +37.0 ºC), but the winters are 
cold (mean and min in January ‒11.9 and ‒42.2 ºC). Permanent snow 
cover usually lasts from mid‒late November until late April with an 
average max snow depth of 63 cm.  
During the farm experiments the animals were housed at natural Ta 
and photoperiod, water or ice was available ad libitum, and the animals 
were inspected daily (I‒II, IV). The animals were sacrificed by electric 
shock according to EU regulations (Council of the European Union, 
1993). All the experiments were approved by the Animal Care and Use 
Committee of the University of Joensuu.  
 
4.1.2 Experimental animals and procedures 
4.1.2.1 Experiment I 
During 1992‒1995, 233 farm-born raccoon dogs (143 < one-year-old, 
90 > one-year-old) were used to investigate the effects of wintertime 
food deprivation on the reproduction of the species. The experiments 
were carried out with two randomly assigned groups each year: fed (1) 
and food-deprived (2). The numbers of experimental animals per year 
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were as follows: In 1992–1993 (1) 19 females (F) and 9 males (M), (2) 
19 F and 8 M; in 1993‒1994 (1) 34 F and 8 M, (2) 32 F and 10 M; in 
1994‒1995 (1) 37 F and 11 M, (2) 34 F and 11 M. The animals were 
kept in shadow houses in individual standard rearing cages (120 × 107 
× 70 cm) with a nestbox. Before the experiments, the animals of both 
groups received ready-mixed farm feed ad libitum daily after noon. 
The feed was manufactured by the local feed kitchen according to the 
standards of the Finnish Fur Breeders’ Association (Suomen 
Turkiseläinten Kasvattajain Liitto ry, 1992, 1993, 1995), and consisted 
mainly of fish (Baltic herring Clupea harengus membras, roach Rutilus 
rutilus), slaughter-house offal, cereal, protein supplement, vitamin and 
mineral supplements. The food-deprived animals fasted between 
November 26th and February 12th in 1992‒1993, December 2nd and 
February 7th in 1993‒1994 and December 16th and February 5th in 
1994‒1995. During the fasting periods, the fed groups were offered a 
daily ME supply of 700‒1,500 kJ/animal, and the fasted groups had a 
wooden nestbox with straw. In 1994‒1995 there was also a food-
deprived group without a nestbox (8 F and 2 M). After the food 
deprivation periods, all the animals were maintained in similar 
conditions without nestboxes and fed identically during the subsequent 
mating season (2,000‒2,500 kJ/animal/day).  
 
4.1.2.2 Experiment II 
In experiment II, the endocrine adaptations of the raccoon dog to 
boreal climate and photoperiod were studied by following the plasma 
reproductive and thyroid hormone concentrations of farm-bred raccoon 
dogs (n = 32) for 12 months. Juvenile farmed raccoon dogs (16 F, 16 
M), born between May 23rd and May 27th 2000, were randomly divided 
into two groups. On August 16th 2000 and February 8th 2001, half of 
the animals received a continuous-release melatonin implant (12.0 mg 
PRIME-X® melatonin implant, Wildlife Pharmaceuticals, Fort Collins, 
CO, USA) inserted into the interscapular subcutaneous adipose tissue 
under sterile conditions (the MEL group). The implants advance 
physiological changes, such as the autumn moult, connected to the 
wintering of the raccoon dog (Xiao, 1996). The control group was 
sham-operated (the SHAM group). The animals were housed as male–
female pairs in a shadow house in cages (150 × 107 × 70 cm). Between 
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August 16th and November 26th 2000, all the animals were fed ad 
libitum with a commercial fur animal diet (15,792 kJ/kg dry matter). 
On November 27th, the animals were divided further into two randomly 
assigned groups. Sixteen animals (4 SHAM F and M + 4 MEL F and 
M) were put on a total 2-month fast (the fasted animals). The other 
group continued to be fed 840 kJ/day (the fed animals). At the same 
time, all the pairs were provided with wooden nestboxes (70 × 45 × 40 
cm) with straw. The fast was discontinued on January 25th 2001, after 
which all the animals were fed equally (1,344‒1,680 kJ/day January 
25th –April 30th, ad libitum May 1st–August 6th 2001.  
 
4.1.2.3 Experiment III 
To study the seasonal physiology of wild raccoon dogs, 37 animals (22 
F: 13 juveniles, 9 adults; 15 M: 10 juveniles, 5 adults) were trapped or 
hunted between October 2000 and January 2002 according to Finnish 
hunting legislation. Before sampling, the animals were housed singly 
in cages and fasted for 12‒24 h.  
 
4.1.2.4 Experiment IV 
Between December 3rd 2002 and February 5th 2003, the effects of two 
different feeding levels (1,680 or 840 kJ/animal/day) or fasting (5-
week fasting + 1-week feeding + 3-week fasting) on plasma 
biochemistry, sex hormone levels and the reproductive success of 
farm-bred raccoon dogs (n = 60 F and 24 M) were studied. The 
animals were divided into three randomly assigned groups including 
20 F (13 juveniles and 7 adults) and 8 M (4 juveniles and 4 adults) per 
group. The animals were housed singly in cages (150 × 107 × 70 cm) 
in a shadow house. Between December 3rd 2002 and February 5th 2003 
each animal had its own wooden nestbox with straw. Before the 
experimental period all the animals were fed ad libitum until October 
31st 2002 and fed 4,360 kJ daily between November 1st and December 
2nd 2002, using commercial fur animal feed (Ylä-Karjalan Rehu Oy, 
Valtimo, Finland). Between December 3rd 2002 and January 8th 2003, 
28 raccoon dogs were put on a total fast for 5 weeks (the fasted 
animals). The other two groups continued to be fed between December 
3rd and February 4th: the fed animals were fed 1,604 kJ/animal/day and 
the restrictively fed (RF) animals 802 kJ/animal/day. Between January 
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9th and 15th 2003, the fasted animals were given 1,667 kJ/animal/day 
before the next 3-week fasting period. The fast was discontinued on 
February 4th 2003, after which all the animals were fed 1,319 
kJ/animal/day until March 31st 2003. During pregnancy, individual 
feeding was provided from April 1st to whelping, followed by ad 
libitum feeding from whelping to September 2nd 2003. 
 
4.1.2.5 Experiment V 
For experiment V, four wild raccoon dogs (2 adult males M1 and M3, 
a juvenile male M2 and an adult female F1) were captured in autumn 
2004 in order to study the seasonal rhythms of body temperature (Tb), 
activity and size of home ranges in free-ranging animals. The animals 
were anaesthetized and two sterile thermosensitive loggers (iButton 
Thermochron, model DS1921H, resolution 0.125 ºC, Dallas 
Semiconductor Corp, Dallas, TX, USA) were implanted in their 
abdominal cavities as described previously (Nieminen et al., 2005). 
The accuracy and precision of the loggers were tested rigorously by 
other groups (van Marken Lichtenbelt et al., 2006). The loggers 
registered the Tb once every 90 min yielding 2,145‒6,375 data points 
per animal. One of the loggers was initiated with a delay (44 days) in 
order to extend the observation period. The animals were fitted with 
radio transmitter collars (Biotrack Ltd, Wareham, UK), constituting < 
5% of BM, for monitoring the size of home ranges and to enable 
recapture. BM and body lengths were determined and the body mass 
indices (BMI) calculated. After a recovery period of 1‒5 weeks, the 
animals were released at the capture sites, recaptured in spring 2005, 
sedated and operated on. The loggers were removed for data retrieval 
and replaced with new ones. Two additional adult females (F2, F3) 
were operated on and released. In autumn 2005, M2 and M3 were shot 
by hunters and their carcasses and Tb loggers were recovered. Three 
original raccoon dogs and a new juvenile female (F4) were captured, 
operated on and released. F3 died of sarcoptic mange and F4 was 
killed by traffic in spring 2006. The remaining animals were captured 
and the loggers and radio collars removed. The total number of animals 
collared and implanted with Tb loggers was 7. 
The raccoon dogs were located 1‒22 times a week using a portable 
wide-range radio receiver (AR8000, AOR Ltd, Tokyo, Japan) and a 
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hand-held antenna. 48‒144 relocations were obtained for each animal 
in winter (December–April) and 44‒134 relocations in the snow-free 
period (May‒November). Approximately 60% of the radio fixes were 
recorded during daytime, 35% during darkness and 6% during dusk or 
dawn. The dens were visited on foot if the animals stayed in one spot 
for more than a few days. Tracks on the snow and signs of feeding, 
urination and defecation were inspected. The distances traveled were 
determined as the sum of distances between successive relocations 
during a single night or as the beeline distance between the resting sites 
on two consecutive days. The minimum convex polygon (Mohr, 1947) 
and fixed Kernel methods (Worton, 1989) were used to estimate the 
total home range sizes (95% Kernel) and core areas (50% Kernel) for 
different seasons using the software Ranges6 (Anatrack Ltd, Wareham; 
Kenward et al., 2003). The wintertime Tb recordings were divided into 
periods when the animals were 1) mainly active and 2) mainly passive. 
An animal was considered mainly active if it left its den ≥ 1 times a 
week, while a mainly passive raccoon dog did not leave its den for > 1 
week. The duration of winter sleep was determined by examining the 
individual physiological data (Tb oscillations) together with 
behavioural observations (radio tracking, snow tracks, etc.). The snow 
depth (total and depth of soft snow, cm) in open field, in forest and 
under spruces was monitored once a week and after snowfalls. 
Thermosensitive loggers (iButton Thermochron, model DS1921G, 
resolution 0.5 ºC) registered the Ta. 
 
4.2 MEASURED VARIABLES, COLLECTION OF BLOOD AND 
TISSUE SAMPLES (I–IV) 
 
Depending on their age, the wild animals (III) were classified as 
juveniles (< one year old) or adults based on the stage of autumnal fur 
development (J. Asikainen, personal observations) or the annual 
incremental lines in tooth cementum (Kauhala and Helle, 1990). The 
BM of the animals was measured to an accuracy of 20 g, and body 
lengths (cm) were measured from the tip of the nose to the anus along 
the ventral (I: dorsal) midline and the BMI were determined (I‒V) as 
follows: BM (kg)/length (m3). Blood samples were taken under sterile 
conditions from a superficial vein of a hind leg into plain test tubes 
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(serum samples) or into tubes containing heparine (I) or 
ethylenediaminetetraacetic acid (plasma samples; II‒IV) to prevent 
clotting and centrifuged at 1000 × g. The samples were taken around 
noon (in study II 09:00‒11:00 h) before the fed animals had received 
food, 20‒22 h after their last feeding. 
In experiment I, the rectal Tb of 11 food-deprived and 10 fed 
animals was measured during the fast in 1994 (January 5th and 20th, 
February 2nd and 11th) to an accuracy of 0.1 ºC. The animals were 
removed from their cages and the Tb was taken at noon before the fed 
group had received food. Blood samples were drawn from 5 fed and 5 
food-deprived animals in 1992–1993 (December 1st and 20th, January 
21st, February 12th), in order to analyse plasma creatine kinase (CK) 
and gamma-glutamyl transferase (GT) activities. The plasma urea and 
ammonium levels of 5 fed and 5 food-deprived animals in 1993 
(January 21st), the haemoglobin levels of 15 fed animals and 17 food-
deprived animals in 1994 (February 3rd) and the glucose levels of 8 
control and 8 fasted raccoon dogs in 1994 (January 18th) were also 
determined during the fast.  
During experiment II, fur growth was estimated on six occasions 
between September 26th and November 15th 2000 by grading the 
maturing underfur and guard hairs during the autumn moult on a scale 
from 1 to 5. Shivering thermogenesis was evaluated during sampling 
by visual and manual observation. Blood samples were taken to 
measure seasonal plasma triiodothyronine (T3), tetraiodothyronine (T4), 
testosterone, estradiol, progesterone, luteinizing hormone (LH) and 
melatonin concentrations. At the beginning of the experiment (August–
September 2000), the blood samples were taken at 3-week intervals 
and weekly from the end of October to the end of November. From 
December to the end of the experiment (August 2001), the blood 
samples were taken every 2‒3 weeks. Plasma melatonin levels were 
measured during photophase to verify the release of melatonin from 
the implants. Testosterone levels were measured from the males, 
estradiol and progesterone from the females only. Progesterone levels 
were determined during the reproductive period (January 25th‒June 
26th 2001). During the first three weeks after whelping, the samples 
were not taken from the females in order to avoid disturbance. The 
males were sacrificed on March 27th 2001 due to the cessation of their 
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mating period. At this point of time, their testes were dissected and 
weighed. The females were sacrificed on August 7th 2001. 
In experiment III, the BM, body length and BMI of wild raccoon 
dogs were determined as explained above during different seasons in 
2000–2002. The livers and kidneys were dissected, weighed and all the 
samples were stored at –40 ºC. Blood samples were obtained by 
cardiac puncture using sterile needles and syringes. Plasma glucose, 
cholesterol (Chol), triacylglycerol (TAG), creatinine, T4, T3, growth 
hormone (GH), cortisol, insulin, leptin and ghrelin concentrations were 
determined. Liver and kidney enzyme activities [glucose-6-
phosphatase (G6Pase), glycogen phosphorylase and lipase] and 
glycogen concentrations were also determined.  
In experiment IV, individual food consumption was measured 
weekly between December 3rd 2002 and March 5th 2003. The BM of 
the animals was measured at 1–3 week intervals between December 3rd 
2002 and April 8th 2003 and after that on June 10th and September 2nd 
2003. Plasma concentrations of total Chol, low-density lipoprotein 
(LDL) Chol, high-density lipoprotein (HDL) Chol, TAG, glucose, 
creatinine, total protein (TP), sex steroids and cortisol were determined 
between the beginning of December 2002 and the beginning of May 
2003. After whelping, samples were not taken from the females in 
order to avoid disturbance. Rectal Tb was measured on February 5th. 
  
4.3 HAEMATOLOGY, CLINICAL CHEMISTRY AND ENZYME 
ACTIVITY ASSAYS (I, III–IV) 
 
In experiment I, haemoglobin concentration was determined 
immediately after sampling using the HemoCue® B-Haemoglobin 
photoabsorbans meter (HemoCue AB, Ängelholm, Sweden). The 
heparinized blood samples were immediately diluted with perchloric 
acid for the determination of blood glucose. For the determination of 
CK, GT, urea and ammonium, the samples were cooled and the serum 
was separated from coagulated blood by centrifugation within 4 h of 
sampling. Plasma glucose, urea and ammonium were determined 
according to the Boehringer GOT method (Boehringer Mannheim, 
Mannheim, Germany). CK and GT activities were determined by the 
Calbiochem Stat-Pack method (Calbiochem, Darmstadt, Germany). In 
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experiment III, tissue enzyme activities were determined 
spectrophotometrically according to the methods of Hers and van Hoof 
(1966) and Seligman and Nachlas (1962). Glycogen concentrations 
were measured according to the method of Lo et al. (1970). 
In experiments III–IV, plasma glucose concentrations were 
determined by the Liquid reagent hexokinase method. Plasma total 
Chol was determined by the Cholesterol enzymatic endpoint method. 
Plasma LDL-Chol and HDL-Chol levels were measured using Direct 
LDL- and HDL-cholesterol reagents. Plasma TAG concentrations were 
measured by the GPO-PAP method. The TP biuret method was also 
used. Plasma creatinine concentrations were determined by the 
Creatinine colorimetric method. The reagents for these measurements 
were purchased from Randox Laboratories Ltd (Crumlin, UK). For the 
actual measurements, the Technicon RA-XT™ analyser (Swords, 
Ireland) was used. 
 
4.4 HORMONE DETERMINATIONS (II–IV) 
 
Plasma T4 and T3 (II–III), testosterone (II, IV), estradiol (II, IV), 
progesterone (II, IV) and cortisol (III–IV) concentrations were 
measured with Spectria [125I] Coated Tube Radioimmunoassay (RIA) 
kits (Orion Diagnostica, Espoo, Finland) and LH levels (II) by the 
immunoradiometry method using Spectria [125I] Coated Tube 
Immunoradiometric assay (Orion Diagnostica). Plasma insulin (III) 
levels were determined using Coat-A-Count Insulin kit (Diagnostic 
Products Corporation [DPC], Los Angeles, CA, USA), leptin (III) 
concentrations with Multi-Species Leptin RIA kit (Linco Research, St. 
Charles, MO, USA) and ghrelin (III) levels with Ghrelin (Human) RIA 
kit (Phoenix Pharmaceuticals, Belmont, CA). Plasma GH (III) 
concentrations were determined using hGH Human Growth Hormone 
Double Antibody kit of DPC. Melatonin concentrations (II) were 
measured with Melatonin-RIA kit (DLD Diagnostica GmbH, Hamburg, 
Germany). Most of the assays had previously been validated for the 
species (Nieminen et al., 2002, 2003; Mustonen et al., 2004ab).  
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4.5 MATING AND MEASUREMENT OF REPRODUCTIVE 
VARIABLES (I, IV) 
 
Females were mated with willing males from the same experimental 
group using polygamy. The females were mated two or three times 
with the same male during 2‒4 days. After a successful mating, the 
females were given a whelping cage with a nestbox. The number of 
cubs was counted 2 weeks after parturition (I). In experiment I, the 
variables measured to assess reproductive success were as follows: 
unmated (n/% of all females), barren (n/% of mated females), lost 
entire litter (n/% of whelped females), 2-week-old cubs/whelped 
female and 2-week-old cubs/mated female. In experiment IV, the 
variables measured to assess reproductive success were as follows: 
mated females (n/% of the total number of females), copulated males 
(n/% of the males), reproduced females (n/% of the mated females), 
date of parturition (number of days after April 1st), total number of 
litters 10 days after parturition and at weaning (7 weeks after 
parturition), number of 10-day-old and 7-week-old cubs/reproduced 
female, number of 7-week-old cubs/reproduced one-year-old 
(primigravida) female and number of 7-week-old cubs/total number of 
females. 
 
4.6 STATISTICAL ANALYSES 
 
4.6.1 General considerations 
For experiments I–V, multiple comparisons were performed by the 
one- or two-way analyses of variance (ANOVA) followed by the post 
hoc Duncan’s test using the SPSS v11.0 or 13.0 software package 
(SPSS Inc, Chicago, IL, USA). Paired comparisons were performed 
using the Student’s t-test for independent samples. For nonparametric 
data, the Mann–Whitney U test was used. The ²-test followed by the 
binomial test was employed to analyze differences in the distribution 
of reproductive characteristics between the experimental groups. 
Comparisons within groups between consecutive measurements were 
analyzed using the repeated measures ANOVA and t-test for related 
samples. The normality of distribution and the homogeneity of 
variances were tested using the Kolmogorov–Smirnov test and the 
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Levene test. Correlations were calculated using the Spearman 
Correlation Coefficient (rs). P < 0.05 was considered statistically 
significant. The results are expressed as the mean ± SE or range. 
 
4.6.2 Specific statistical analyses for individual experiments 
For experiment I, the statistics of whelping results were performed 
using the SAMPO fur animal breeding programme maintained by the 
Finnish Fur Breeders’ Association (Vantaa, Finland). In experiment II, 
the two-way ANOVA revealed no significant interactions between the 
melatonin and fasting treatments. For this reason, the different feeding 
and melatonin regimes were pooled across the experimental groups in 
the results section. 
In experiment III, the wild raccoon dogs were assigned to 3 groups 
according to season. The months were assigned into the respective 
seasonal groups based on previous observations on the seasonal 
changes in physiological variables of the species (II, Nieminen et al., 
2002; Mustonen et al., 2004ab). There was no sexual dimorphism in 
the measured variables, and for this reason the data for the males and 
the females were pooled. The animals were also classified according to 
age. The only significant differences between the age groups were in 
the BM, BMI, body lengths and absolute liver weights. In other cases, 
the results for the adults and juveniles were pooled.  
In experiment IV, no significant differences were detected in the 
measured variables between the juvenile and adult animals or between 
the sexes, with the exception of the plasma sex steroid concentrations. 
As a result, the data for males and females and for the animals of 
different ages were pooled in each group. 
In experiment V, the Tb recordings during captivity were excluded 
from the statistical analyses, and the Tb values included were divided 
into the snow-free period (May–November) and winter (December–
April). The wintertime values for each individual were further 
classified into mainly active and passive periods. The average 24 h Tb 
was calculated for each date for each individual, and the Tb values 
during the snow-free period, winter, active wintering and passive 
wintering within and between individuals were compared using the 
Student’s t-test and oneway ANOVA. The formula: metabolic rate = 
conductance × temperature difference (Tb–Ta) was used to calculate the 
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energy saving gained by wintertime hypothermia (conductance data 
from Korhonen and Harri, 1984). The amplitude spectra of each 
individual were calculated by Fast Fourier Transform using the 
Blackman-window. To analyze the relationships between the average 
24 h Tb and the covariates Ta, day length and snow depth, the analysis 
of covariance was performed by linear mixed model analysis 
separately for the periods with and without snow cover. The model for 
the snow-free period included the individual as a random factor and the 
covariates day length and Ta, as well as their interactions with the 
individual. The model for the winter also included the covariates snow 
depth and bearing capacity and their interactions with the individual. 
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5 Results 
5.1. PHYSIOLOGICAL RHYTHMS IN THE OVERWINTERING 
RACCOON DOGS  
 
5.1.1 General morphology 
Seasonal BM and adiposity (BMI) fluctuated similarly in all the 
studies conducted on the farm-bred raccoon dogs (I–II, IV). The 
animals gained BM and BMI from August to October (II), or the 
values were highest at the end of November (IV). The male raccoon 
dogs were longer than the females (64  0.5 vs. 61  0.3 cm; t-test, p < 
0.002), and the juveniles were heavier than the overwintered adults in 
1993–1994 and 1994–1995 (t-test, p < 0.05; I). The BM and BMI 
values of the farm-bred animals decreased from December until June. 
 
Table 1. Body mass (BM), body length and body mass index (BMI) of juvenile and 
adult wild raccoon dogs (mean  SE; III). Spring–early autumn = April–October, 
late autumn = November, winter = December–February. 
 
  BM 
(kg) 
Body 
Length (cm) 
BMI 
(kg/m3) 
Juveniles 
Adults 
 
Spring–early 
autumn 
 
2.77 0.15* 
8.07  1.97 
51.5  0.7* 
64.7  1.2 
20.5  0.6 
29.5  6.8 
Juveniles 
Adults 
Late autumn 
5.69  0.42* 
7.64  0.52 
60.7  0.9 
63.3  1.2 
25.2  1.2* 
30.0  1.3 
Juveniles 
Adults 
Winter 
5.07  0.28 
5.80  0.75 
61.4  0.5 
62.7  0.9 
21.9  1.2 
23.8  3.5 
* = Significant difference between the juvenile and adult animals, t-test, p < 0.05.  
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The BM of the juvenile wild raccoon dogs were relatively low in 
the spring‒early autumn, increased in the late autumn and started to 
decline in the winter (ANOVA, p < 0.05; Table 1; III). The same trend 
was observed in the BMI of the juveniles. The juvenile and adult 
raccoon dogs differed from each other with respect to their BM and 
BMI values in early and late autumn and with respect to their body 
lengths in early autumn (t-test, p < 0.05). In experiment V, the average 
BM (8.0 ± 0.6 kg) and BMI (32.7 ± 2.1 kg/m3) were higher in autumn 
than in spring (4.2 ± 0.2 kg; 17.0 ± 0.7 kg/m3, p < 0.05). The duration 
of passive overwintering (days) correlated positively with the autumnal 
BMI (rs = 0.775, p < 0.05).  
In the farmed raccoon dogs (II), the guard hair on the hips matured 
during the second half of October, while the scapular guard hair grew 
for an additional two weeks. The underfur of both anatomical regions 
matured in mid-November. 
 
5.1.2 Food consumption 
In the mid-November the appetite of the farm-raised raccoon dogs was 
reduced, and their energy intake decreased. The animals lost their 
appetite when the Ta was –5 ºC or colder (J. Asikainen, personal 
observations in 1993–94). Voluntary food consumption was lowered 
among the fed and RF animals during the cold periods in mid-winter 
(IV). The average cumulative energy content of food eaten per animal 
between December 3rd 2002 and March 5th 2003 was 45.4 MJ in the 
fasted, 83.2 MJ in the fed and 70.1 MJ in the RF group.  
 
5.1.3 Tb, locomotor activity and size of home ranges (V) 
The average 24 h intra-abdominal Tb of free-ranging study animals 
varied between 37.8 ± < 0.01 ºC and 38.3 ± < 0.01 ºC in the snow-
free period (May‒November) and between 36.4 and 37.1 ± < 0.01–
0.04 ºC in winter (December–April; p < 0.05, n = 105–150). The 
lowest Tb values were usually detected between 05:00 and 11:00 h and 
the highest between 21:00 and 02:00 h in the snow-free period. The 
average difference between the 24 h min and max values was 1.2 ± 
0.01 ºC. The lowest individual Tb values (32.6‒33.8 ºC) followed by a 
rapid rebound were detected in May‒July, probably in association with 
swimming. The lowest average 24 h Tb varied between 35.9 and 36.5 ± 
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< 0.01–0.02 ºC and were observed in January–March. During this 
period, the lowest Tb were usually recorded between 06:00 and 11:00 h 
and the highest between 16:00 and 23:00 h. The difference between the 
24 h min and max values was 1.6 ± 0.02 ºC during active 
overwintering (p < 0.05 vs. snow-free period, n = 719–822) and was 
greater during passive overwintering (1.8 ± 0.03 ºC, p < 0.05, n = 358–
719). The Tb oscillations were more pronounced during passive 
overwintering than in the snow-free period (p < 0.05, n = 358‒822). 
The theoretical energetic benefits calculated from a wintertime 
decrease in the average 24 h Tb by 1.4‒2.1 ºC at a hypothetical den 
temperature of 0–10 ºC were 4‒8%. The presence or absence of snow 
cover did not show any significant covariance with Tb. The average 24 
h Ta showed significant covariance with the average 24 h Tb during 
both time periods (snow-free period: F1,4.890 = 13.804, winter: F1,3.000 = 
21.102, p < 0.05). Snow depth also displayed significant covariance 
with Tb (F1,3.007 = 90.513, p < 0.05), while the interactions with day 
length and depth of soft snow were non-significant.  
There were no differences between seasons or sexes in the sizes of 
the home ranges or core areas of the study raccoon dogs (Table 2). 
Two pairs shared their home ranges. In winter, the animals rested 
under barns, cottages, rocks, rootstalks and spruces and used 2‒5 
winter dens regularly. There was large individual variation in the levels 
of physical activity in winter. Two raccoon dogs spent long time 
periods (up to 9 weeks) in a den during January‒March, leaving it only 
a few times, while two other individuals stayed in their resting sites 
only for a couple of days at a time, followed by active nocturnal 
foraging. They also changed their dens frequently. Two study animals 
exhibited long travelling distances (beeline distances 13–19 km) in 
winter. One female had a large home range around a bay and was very 
active throughout the winter 2005–2006, crossing the lake ice often 
and changing her den site (beeline distances between the dens 1.0–3.5 
km), eating fish left by fishermen on the ice, urinating and defecating.  
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The BM of the juvenile wild raccoon dogs were relatively low in 
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Table 2. Seasonal home range sizes of seven radio-tagged raccoon dogs (mean ± 
SE; Mann–Whitney U test, p > 0.05; V). 
 
Minimum convex polygon (ha) 
Dec–April 
May–Nov 
577 ± 229 
325 ± 53 
95% Fixed Kernel home range 
(ha) 
Dec–April 
May–Nov 
372 ± 108 
306 ± 26 
50% Fixed Kernel home range 
(ha) 
Dec–April 
May–Nov 
53 ± 25 
34 ± 15 
Range span (m) 
Dec–April 
May–Nov 
4035 ± 1269 
3183 ± 268 
 
5.1.4 Variables of general morphology and physiology 
In the wild raccoon dogs (III), absolute liver weights were relatively 
low in spring–early autumn, increased in late autumn and started to 
decline in winter (ANOVA, p < 0.05), but relative liver weights 
showed no seasonal changes. The liver glycogen content was highest 
in late autumn (ANOVA, p < 0.05), whereas kidney glycogen levels 
did not fluctuate. Liver G6Pase activity was highest in spring–early 
autumn and declined in late autumn, while kidney G6Pase and liver 
glycogen phosphorylase activities decreased in winter (ANOVA, p < 
0.05). Kidney glycogen phosphorylase activities remained at the same 
level throughout the year. Liver lipase activity was lower during 
August–October compared to the rest of the year (t-test, p < 0.001), but 
kidney lipase activity showed no seasonal changes.  
Plasma T4 and T3 concentrations were lower in winter compared to 
spring–early autumn (ANOVA, p < 0.05), but no seasonal changes 
were detected in the T3/T4-ratios of the wild raccoon dogs (III). In the 
farm-raised animals, plasma T4 concentrations increased to higher 
wintertime levels in December, and in late February they returned to 
the same level as during the previous autumn (II, repeated measures 
ANOVA, p < 0.05). T3 concentrations were relatively high in 
August‒September, decreased in October and remained at a lower 
level until July. The T3/T4-ratio was lower in winter than in autumn, 
spring and summer.  
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In the wild raccoon dogs, plasma glucose concentrations remained 
stable at all seasons, while insulin levels were highest in late autumn 
(ANOVA, p < 0.05; III). The plasma glucose concentrations of the 
farm-bred raccoon dogs decreased slightly from December to February 
(IV). In the wild raccoon dogs, plasma total Chol and TAG 
concentrations remained stable in all seasons (III). Plasma TAG, Chol 
and LDL- and HDL-Chol concentrations remained at steady levels in 
the fed and RF farm-bred animals during December 2002‒February 
2003 (IV). In March, TAG levels decreased in both groups. In the wild 
raccoon dogs, there was no clear seasonal pattern in the plasma ghrelin 
or GH concentrations (III). Plasma leptin levels were lower between 
January–April than during the rest of the year (Mann–Whitney U test, 
p < 0.02). 
In the wild raccoon dogs, plasma cortisol concentrations were 
relatively low between January and April and at a higher level during 
the rest of the year (t-test, p < 0.001). Plasma creatinine concentrations 
increased in late autumn and remained at a relatively high level in 
winter (ANOVA, p < 0.05). In the farmed raccoon dogs, plasma 
cortisol (January‒March) and total protein (December‒March) 
fluctuated similarly in all the study groups (IV). The plasma creatinine 
levels of the fed and RF raccoon dogs remained at the same level 
between December 2002‒March 2003 (IV). 
 
5.1.5 Sex hormones 
Plasma sex steroid concentrations were low outside the mating season 
or gestation (II, IV). In 2000‒2001, the plasma testosterone 
concentrations of the males were low in autumn, started to increase 
gradually in November and reached a peak (15–20 nmol/l) in 
February–March (repeated measures ANOVA, p < 0.05; II). The 
males’ testosterone concentrations decreased rapidly in late March. 
Between 2002 and 2003, the plasma levels of testosterone increased 
between December and February and reached a peak (23 nmol/l) on 
February 25th (IV). During the first half of March, testosterone levels 
decreased rapidly (IV).  
The plasma estradiol levels of the female raccoon dogs fluctuated at 
a relatively low level outside the breeding season, and the increase in 
the levels during the mating period was not as clear as the increase in 
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concentrations of the males were low in autumn, started to increase 
gradually in November and reached a peak (15–20 nmol/l) in 
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Between 2002 and 2003, the plasma levels of testosterone increased 
between December and February and reached a peak (23 nmol/l) on 
February 25th (IV). During the first half of March, testosterone levels 
decreased rapidly (IV).  
The plasma estradiol levels of the female raccoon dogs fluctuated at 
a relatively low level outside the breeding season, and the increase in 
the levels during the mating period was not as clear as the increase in 
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the testosterone levels of the males (II, IV). There was great inter-
individual variation in plasma estradiol concentrations due to the 
different onset of the mating season (II). The levels peaked in all the 
experimental groups during the second half of February (IV). At the 
beginning of April, estradiol levels had returned to a low level.  
The plasma progesterone concentrations of the females were close 
to zero before and after the mating season and gestation (II, IV). 
Plasma progesterone levels increased between February 25th and 
March 18th 2003 (repeated measures ANOVA, p < 0.05; IV). 
Progesterone levels continued to be high until April 8th 2003. The 
plasma LH concentrations of both sexes increased from relatively low 
levels during August–September to higher values in November–
January (II). No clear LH peak was measured in any of the animals, 
indicating that the pulsatile secretion of plasma LH occurred mainly 
outside the sampling times. 
 
5.2 INFLUENCE OF WINTER FAST AND RESTRICTED FEEDING 
ON THE PHYSIOLOGICAL VARIABLES 
 
5.2.1 BM, BMI and plasma lipids  
Fasting led to an expected decline in the BM of the raccoon dogs (8.4 
 0.2 vs. 7.0  0.2 kg; t-test, p < 0.0004) 4–6 weeks after the beginning 
of food deprivation (I). The difference between the BM continued to be 
significant until the time of parturition in 1993 (t-test, p < 0.022). Also, 
the BM of the fed animals without a nest box fell by about 20 g/day 
when they were fed with an energy level of 693 kJ in mid-winter 
1993–94. After a fasting period, the same level of feeding (1,615 
kJ/day) in fasted and fed groups between February 7th–March 1st 1994 
caused a 10 g/day reduction in the BM of the fed and a 30 g/day 
increase in the BM of the fasted animals (J. Asikainen, unpublished 
data). After the fasting period, neither BM, body length nor BMI 
differed between the fasted animals with or without nest boxes in 
1994–1995. The two-month fast in 2000–2001 caused a reduction in 
BM (3.1 kg) and BMI (28%; II). The mean BM of the fed and fasted 
groups no longer differed from each other 8 weeks after the cessation 
of the fast. During the study period in 2002–2003, the BM and BMI of 
the fed animals were similar to those of the RF animals, but from 
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December 10th 2002 to June 10th 2003, the fed and RF animals had a 
higher BM than the fasted animals (IV). From December 17th 2002 to 
June 10th 2003, the BMI of the fasted animals were lower than in the 
other groups, with the exception of the measurement after one week of 
re-feeding on January 16th 2003. On September 2nd 2003, the BM and 
BMI of the fed and fasted groups no longer differed from each other.  
The 5-week fast from December 3rd to January 8th caused a 
significant reduction (repeated measures ANOVA, p < 0.05) in the BM 
(2.3 kg and 0.60%/day) and BMI (8.6 kg/m3 and 0.50%/day) of the 
fasted animals (IV). During the recovery week (food supply 1,667 
kJ/animal/day), the BM (0.7 kg and 0.90%/day) and BMI (2.2 kg/m3 
and 0.76%/day) of the fasted animals increased. The next 3-week fast 
from January 16th to February 5th again caused a significant reduction 
in BM (1.8 kg and 0.77%/day) and BMI (6.5 kg/m3 and 0.70%/day). 
After the second fasting period from February 5th to 19th (food supply 
1,247 kJ/animal/day), the BM of the fasted raccoon dogs increased 
significantly (by 0.4 kg and 0.72%/day).  
Plasma TAG, total Chol, LDL- and HDL-Chol concentrations 
fluctuated similarly in the fed and the RF animals during the study 
period, and the plasma HDL-Chol levels decreased during the first 5 
weeks of fasting (t-test, p < 0.001; IV). After the second fasting period, 
the plasma TAG and LDL-Chol levels of the fasted raccoon dogs were 
higher than those found in the fed groups, but the total Chol levels of 
the fasted animals were similar to those of the other groups. Three 
weeks after the second fasting period, the plasma TAG concentrations 
of the fasted animals had decreased to the same level as in the other 
groups (repeated measures ANOVA, p < 0.05), but the levels of total 
Chol and HDL-Chol increased .  
 
5.2.2 Tb, T3, T4 and shivering thermogenesis 
Food deprivation lowered the rectal Tb of the raccoon dogs (36.7  0.2 
vs. 35.3  0.3 ºC; t-test, p < 0.033; I). The difference between the study 
groups was not significant when measured again at 4 days after the 
cessation of food deprivation. In experiment IV, at the end of the 
second fasting period (February 5th 2003), the rectal Tb (37.6 ± 0.11 ºC) 
of the fasted animals was lower than that of the fed or RF animals (fed: 
38.5 ± 0.08, RF: 38.6 ± 0.15 ºC, t-test, p < 0.05). In experiment II, 
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the fasted animals had lower T3 levels during the first 6 weeks of 
fasting, but higher T3 levels two weeks after the cessation of the fast, 
compared to the fed animals (t-test, p < 0.05). The T4 concentrations of 
the fasted animals were lower than in the fed animals after 2 and 4 
weeks of fasting. Shivering thermogenesis was observed only among 
the fasted raccoon dogs during the fasting period on December 27th 
2000 (Ta ‒6 ºC) and on January 25th 2001 (‒8 ºC; 2-test, p < 0.007; II). 
 
5.2.3 Well-being 
Food deprivation had no influence on circulating haemoglobin, GT and 
CK activities or urea levels in 1993–1994 at the end of the fasting 
periods (I). The plasma ammonium contents increased slightly but non-
significantly with food deprivation (Mann–Whitney U test, p < 0.056). 
Concentrations of plasma cortisol were higher in March 2003 (16.7 ± 
3.6 nmol/l) compared the levels in January (8.5 ± 1.6 nmol/l), and there 
were no differences between the fed, RF and fasted animals (IV). From 
December 3rd 2002 to March 18th 2003, the concentrations of plasma 
TP fluctuated similarly in all the study groups. The plasma creatinine 
levels of the fasted raccoon dogs were higher than those found in the 
fed animals after the first 5 weeks of fasting (ANOVA, p < 0.05). On 
March 18th 2003, the creatinine concentrations of the fed animals were 
lower than in the other groups. 
Food deprivation had no effect on blood glucose concentrations 
(fed: mean 0.66 g/l, range 0.57‒0.75 g/l; fasted: mean 0.57 g/l, range 
0.42‒0.75 g/l; I). In experiment IV, plasma glucose decreased slightly 
from December 3rd (5.7 ± 0.15 mmol/l) to February 25th (4.3 ± 0.13 
mmol/l) in all the animals, but there were no differences between the 
groups. 
 
5.2.4 Sex steroids and reproduction 
The fasted males had higher circulating testosterone levels than did the 
fed males after fasting on February 8th and March 7th 2001, and their 
testosterone peaks were clearly steeper than those of the fed group (t-
test, p < 0.04; II). Fasting did not affect plasma LH, estradiol or 
progesterone levels. The different feeding regimes in 2002–2003 had 
no effects on the plasma levels of sex steroids or their seasonal 
fluctuations (IV). 
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In 1993, the fasted females had more cubs per mated female than 
did the fed females (Mann–Whitney U test, p < 0.046; I). When the 
reproduction of the study groups was compared during the whole 
experiment (1992‒1995), the fasted animals had slightly more cubs per 
mated female than did the fed animals (4.2 ± 0.43 vs. 3.1 ± 0.42; t-test, 
p < 0.086). In 1993, 63% of the fasted females reproduced successfully, 
while 37% lost their entire litter. This differed from the results of the 
fed group, as only 32% of the fed females managed to raise their litters, 
47% lost their entire litter and 21% were barren (binomial test, p < 
0.044). In 1994, the respective proportions of females that reproduced 
successfully, lost their entire litters or were barren were as follows: 
85%, 0% and 15% (fasted) and 71%, 16% and 13% (fed). For the year 
1995, the respective proportions were 37%, 17% and 46% (fasted) and 
33%, 43% and 24% (fed; 2-test, p < 0.039). In 1995, a significantly 
higher proportion of the fed females lost their entire litters compared to 
the food-deprived females (binomial test, p < 0.05). 
At the beginning of February (end of the fast), the mean BM of all 
the female raccoon dogs had a significant negative correlation with the 
number of cubs born in 1993 (rs = –0.363, p < 0.05) and in 1995 (rs = –
0.246, p < 0.05), but not with those born in 1994 (I). When all the 
years were analyzed together, the negative correlation was statistically 
significant (rs = –0.361, p < 0.01). The highest mean number of cubs 
was born to the females in the weight category 5–7 kg (5.1 ± 0.43 
cubs). This differed significantly from the reproduction results of the 
weight categories 7‒9 kg (2.4 ± 0.39 cubs, Mann–Whitney U test, p < 
0.0004) and 9‒11 kg (no surviving cubs). Food deprivation did not 
affect the onset of heat, mating success or parturition in the females. In 
experiment IV, the reproductive parameters did not differ among the 
experimental groups. 79% of the mated females whelped. At the 
beginning of February 2003, the average BM of the female raccoon 
dogs did not correlate with the number of cubs born. 
Food deprivation of the male raccoon dogs did not affect their 
reproductive success (total number of offspring per male, mean 
number of cubs per mated female) in any of the years of the study (I). 
There was a positive correlation between the BM of the males and the 
number of matings in 1993‒1994 (rs = 0.580, p < 0.05).  
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5.3 RESPONSES TO MELATONIN TREATMENT (II) 
 
The daytime plasma melatonin concentrations of the MEL group were 
higher than in the SHAM group from September 6th to October 25th 
2000 and from February 20th to August 7th 2001 (II). The MEL males 
had higher BM compared to the SHAM males on September 26th (t-
test, p < 0.014). The BMI of the SHAM group were higher from 
November 15th to 29th (t-test, p < 0.034). There were no differences 
between the SHAM and MEL groups in guard hair growth. The 
underfur on hips and scapular area matured at the beginning of 
November in the MEL group and two weeks later in the SHAM group 
(t-test, p < 0.01). In June 2001, all SHAM animals had changed into 
their summer pelage, but half of the animals in the MEL group 
remained in their winter fur.  
The testes of the SHAM males (10.7  0.64 g) were heavier on 
March 27th than those of the MEL males (8.2  0.36 g; t-test, p < 0.007; 
II). The plasma testosterone concentrations of the MEL males were 
higher on November 1st 2000, but the SHAM males had higher plasma 
testosterone concentrations on March 7th 2001 (t-test, p < 0.04). The 
SHAM females had lower estradiol concentrations than did the MEL 
females during the mating season (t-test, p < 0.05). Melatonin 
treatment advanced the increase in plasma progesterone concentrations 
of the female raccoon dogs by approximately 7 weeks. The 
progesterone levels of the MEL females increased rapidly in February, 
while a similar increase in the SHAM females took place in late March 
(repeated measures ANOVA; p < 0.05). The plasma progesterone 
levels of the MEL females fell to the basal level in April and those of 
the SHAM females in late May. There were no major differences in 
plasma LH levels between the MEL and SHAM groups. The MEL 
group had higher T4 concentrations than the SHAM group on January 
10th (t-test, p < 0.05) and T3 levels on January 25th 2001 (t-test, p < 
0.001). 
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6 Discussion 
6.1 SEASONAL PHYSIOLOGY IN THE OVERWINTERING 
RACCOON DOGS 
 
6.1.1 BM, adiposity and energetic efficiency 
The wild raccoon dog has adapted to marked seasonal changes in its 
energy reserves (III, V; Kauhala, 1993). The physiology of the species 
optimizes the use of autumnal abundance of food with effective energy 
storage followed by the mobilization of metabolic fuel from white 
adipose tissue (WAT) in winter (Kauhala et al., 1993; Fig. 1). Raccoon 
dogs go through a phase of higher energetic efficiency with the rapidly 
increasing amount of subcutaneous WAT in autumn (Korhonen et al., 
1982; Korhonen, 1987a, 1988b). Adult wild raccoon dogs are heaviest 
in October–November, with an average BM of 8.4 kg and lightest from 
March to June (4.9 kg; Kauhala, 1993). The vernal BM is only 59% of 
the highest autumnal values, the difference in BM being 3.5 kg. An 
average decrease of 50 g BM/day during fasting in farmed raccoon 
dogs with nest boxes would yield a BM loss of 3.1 kg in 8 weeks (II).  
Hypothetically, the overwintered female raccoon dog in the right 
panel of Fig. 1, which had the same body length as the one on the left, 
could have fasted safely from approximately the beginning of 
December to the end of February. During that period the animal would 
have lost approximately 4.5 kg BM. This rate of BM loss seems to be 
safe for raccoon dogs. However, in juvenile wild raccoon dogs, the BM 
is lower compared with that of adult animals in early winter (Table 1). 
For instance, a BM of < 6.0 kg in late autumn could limit the duration 
of fasting to < 8 weeks in winter. If the BM fell below 3.0 kg, the 
animal would soon begin to experience difficulties in supplying 
metabolizable energy. 
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Fig. 1. Two wild female raccoon dogs: the left one (length 60 cm, BM 10.0 kg, 
BMI 46.3) pelted in the middle of October and the right one (length 60 cm, BM 4.7 
kg, BMI 21.8) at the end of February (images by J. Asikainen).   
 
6.1.2 Seasonal rhythms of Tb and activity  
The average intra-abdominal 24 h Tb during the wintertime passivity 
(usually between December–March, Fig. 2–3) of the wild raccoon dogs 
decreased by 1.4–2.1 ºC when compared to the active periods (V). This 
decrease in Tb is less in magnitude compared to that of bears (Nelson 
et al., 1983; Hissa et al., 1994) and badgers (Harlow, 1981; Fowler and 
Racey, 1988; Tanaka, 2006). Previously, a significant cross-correlation 
between physical activity and Tb has been observed in the raccoon dog 
(Nieminen et al., 2005; Mustonen et al., 2012). Moreover, activity 
patterns indicate that raccoon dogs are primarily nocturnal in winter (V; 
Kauhala et al., 2007; Rudert et al., 2011). The periods of slight 
hypothermia in early morning (V) reveal adaptation for the purpose of 
saving energy during short passive periods. The range of the 24 h 
oscillations increased by approximately 0.6 ºC, and the rhythmicity 
was more pronounced than in the snow-free period (V). The amplitude 
of the 24 h Tb oscillations increased due to fasting, also in farmed 
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Periods of passivity:
12-Dec-2004 03:00:00 -- 14-Dec-2004 15:00:00  (2.50 days)
21-Dec-2004 09:00:00 -- 22-Dec-2004 18:00:00  (1.37 days)
24-Dec-2004 09:00:00 -- 27-Dec-2004  (2.62 days)
27-Dec-2004 12:00:00 -- 28-Dec-2004 18:00:00  (1.25 days)
29-Dec-2004 09:00:00 -- 30-Dec-2004 18:00:00  (1.37 days)
02-Jan-2005 12:00:00 -- 03-Jan-2005 12:00:00  (1.0 days)
16-Jan-2005 21:00:00 -- 17-Jan-2005 21:00:00  (1.0 days)
22-Jan-2005 12:00:00 -- 24-Jan-2005  (1.50 days)
24-Jan-2005 21:00:00 -- 26-Jan-2005  (1.12 days)
26-Jan-2005 09:00:00 -- 06-Feb-2005 12:00:00  (11.12 days)
mean: 36.6529,  standard error: 0.026424
12-Feb-2005 15:00:00 -- 13-Feb-2005 18:00:00  (1.12 days)
14-Feb-2005 09:00:00 -- 17-Feb-2005 18:00:00  (3.37 days)
18-Feb-2005 09:00:00 -- 06-Mar-2005 21:00:00  (16.50 days)
08-Mar-2005 06:00:00 -- 11-Mar-2005 18:00:00  (3.50 days)
14-Mar-2005 06:00:00 -- 17-Mar-2005 21:00:00  (3.62 days)
21-Mar-2005 06:00:00 -- 22-Mar-2005 21:00:00  (1.62 days)
23-Mar-2005 09:00:00 -- 24-Mar-2005 21:00:00  (1.50 days)
mean: 37.7575,  standard error: 0.020156
raccoon dogs (Nieminen et al., 2005). The hypothermic bouts allow 
moderate saving of metabolic energy during days of winter passivity. 
The Ta and depth of snow cover seem to be the most important 
determinants of wintertime activity in wild raccoon dogs (V). Their 
wintering includes both shorter and longer periods of passivity (2–9 
weeks; Fig. 2–3). Moreover, among wild raccoon dogs, their increased 
physical activity and large home ranges may be related to the search 
for mates in winter. It is important for juvenile raccoon dogs as well as 
for older individuals that have lost their mates to find a partner before 
the onset of the reproductive season. 
Farmed raccoon dogs also display reduced appetite and locomotor 
activity in winter (November‒February; Korhonen, 1987b). This is 
emphasized when the Ta drops below ‒5 ºC. Fasting captive raccoon 
dogs have been observed to reduce their locomotor activity by up to 
50% and to spend most of their time huddling in nest boxes (Nieminen 
et al., 2002). Also in captive rodents, fasting leads to reduced physical 
activity during the initial phases of food deprivation, followed by 
marked hyperactivity when the animals enter the phase of protein 
catabolism (Koubi et al., 1991). In experimental conditions, a state of 
passivity could be induced in the raccoon dogs by withdrawing food 
and providing them with nest boxes (I–II, IV). 
 
   
 
 
 
 
 
 
 
 
Fig. 2. The body temperature of a wild male raccoon dog (M2) between November 
2004–April 2005 indicating the periods of passivity (blue) and activity (red). The 
sum of passive days = 56 (V). 
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Fig. 2. The body temperature of a wild male raccoon dog (M2) between November 
2004–April 2005 indicating the periods of passivity (blue) and activity (red). The 
sum of passive days = 56 (V). 
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Periods of passivity:
25-Nov-2004 03:00:00 -- 26-Nov-2004 03:00:00  (1.0 days)
21-Dec-2004 21:00:00 -- 31-Dec-2004 15:00:00  (9.75 days)
01-Jan-2005 09:00:00 -- 07-Jan-2005 18:00:00  (6.37 days)
11-Jan-2005 06:00:00 -- 12-Jan-2005 15:00:00  (1.37 days)
16-Jan-2005 09:00:00 -- 17-Jan-2005 18:00:00  (1.37 days)
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08-Mar-2005 03:00:00 -- 24-Mar-2005 15:00:00  (16.50 days)
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Fig. 3. The body temperature of a wild male raccoon dog (M3) between November 
2004–April 2005 indicating the periods of passivity (blue) and activity (red). The 
sum of passive days = 79 (V). 
 
6.1.3 Role of endocrine signals  
In autumn, the high levels of plasma insulin of the wild raccoon dogs 
may promote the storage of energy as lipids and glycogen (III). In 
winter, the plasma insulin concentrations declined to about 15% of the 
values observed in autumn. These findings are analogous to those 
observed in fasting dogs (Canis familiaris; De Bruijne et al., 1981) and 
farm-raised raccoon dogs (Mustonen et al., 2004a). It is known that 
insulin inhibits the hydrolysis of TAG and the release of fatty acids 
from WAT (Cahill, 1976). Thus, the low insulin concentrations 
observed in the wintering raccoon dogs of study III are probably 
required for sufficient TAG mobilization from WAT. Low insulin can 
also induce the saving of carbohydrates by reducing glucose uptake to 
muscle and fat (Mustonen et al., 2004b). The metabolism of the 
raccoon dog may fall by 25% during winter sleep (Heptner et al., 1974), 
and their heart rate can decrease temporarily by 18–36% when fasting 
in farm conditions (Kitao et al., 2009). Lower concentrations of thyroid 
hormones may participate in this metabolic depression (III). Reduced 
wintertime thyroid hormone and cortisol levels could also contribute to 
protein saving during winter passivity. 
In autumn there was increased adiposity in the wild raccoon dogs, 
and their liver glycogen stores also increased, but decreased to low 
levels in winter (III). Liver glycogen phosphorylase activity decreased, 
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while lipase activity increased, indicating the use of fat as the principal 
metabolic fuel. Transition to wintertime satiety in November and 
sleepiness in mid-winter seem to be regulated by endocrine signals, 
such as leptin, ghrelin and GH (Mustonen et al., 2001; Nieminen et al., 
2002). Ghrelin is an orexigenic peptide and high ghrelin levels are 
known to increase hunger and food intake, stimulate GH secretion, 
reduce lipolysis and promote retention of fat (Kojima et al., 1999; 
Tschöp et al., 2000; Shintani et al., 2001; Nedeltcheva et al., 2010). In 
farm-bred raccoon dogs the levels of ghrelin were relatively high in 
autumn until the max BM was attained (Nieminen et al., 2002). In 
winter, ghrelin showed lower levels, which could lead to decreased 
feeding and promote fat mobilization. In the wild raccoon dogs, these 
phenomena were not reflected in concentrations of the weight-
regulatory hormones as clearly as they were in the farm-raised raccoon 
dogs (Nieminen et al., 2002). In the wild raccoon dogs, the plasma 
leptin, ghrelin and GH levels did not show seasonal fluctuations (III). 
It must, however, be emphasized that the frequency of measurements 
was lower in the wild animals compared to the farm-bred raccoon dogs. 
Among farmed raccoon dogs, leptin and GH levels peaked 
simultaneously in late October (Nieminen et al., 2002). Thereafter the 
leptin levels declined rapidly, representing the transition period from 
autumnal anabolism to wintertime catabolism. In winter, leptin and GH 
concentrations increased to high levels but the ghrelin/leptin-ratio was 
very low. This is the period of passivity, with lipids as the principal 
metabolic fuel. In winter, leptin, ghrelin and GH may have synergistic 
effects increasing lipolysis in the raccoon dog. Higher levels of GH in 
winter may also promote sleepiness (Mustonen et al., 2001; Nieminen 
et al., 2002). 
 
6.2 MELATONIN AND SEASONAL REPRODUCTION 
 
Melatonin regulates functions related to photoperiod and affects, e.g., 
skin pigmentation and the maturation of winter pelage in many 
mammals (Valtonen et al., 1992). The early autumnal fattening and 
increase of BMI in the raccoon dog is triggered by melatonin 
(Mustonen et al., 2004a). In addition, its functions are related to the 
biological rhythms associated with reproduction (Arendt, 1986). The 
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Fig. 3. The body temperature of a wild male raccoon dog (M3) between November 
2004–April 2005 indicating the periods of passivity (blue) and activity (red). The 
sum of passive days = 79 (V). 
 
6.1.3 Role of endocrine signals  
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while lipase activity increased, indicating the use of fat as the principal 
metabolic fuel. Transition to wintertime satiety in November and 
sleepiness in mid-winter seem to be regulated by endocrine signals, 
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It must, however, be emphasized that the frequency of measurements 
was lower in the wild animals compared to the farm-bred raccoon dogs. 
Among farmed raccoon dogs, leptin and GH levels peaked 
simultaneously in late October (Nieminen et al., 2002). Thereafter the 
leptin levels declined rapidly, representing the transition period from 
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very low. This is the period of passivity, with lipids as the principal 
metabolic fuel. In winter, leptin, ghrelin and GH may have synergistic 
effects increasing lipolysis in the raccoon dog. Higher levels of GH in 
winter may also promote sleepiness (Mustonen et al., 2001; Nieminen 
et al., 2002). 
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Melatonin regulates functions related to photoperiod and affects, e.g., 
skin pigmentation and the maturation of winter pelage in many 
mammals (Valtonen et al., 1992). The early autumnal fattening and 
increase of BMI in the raccoon dog is triggered by melatonin 
(Mustonen et al., 2004a). In addition, its functions are related to the 
biological rhythms associated with reproduction (Arendt, 1986). The 
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effects of melatonin on the endocrine rhythms of mammals, especially 
on seasonal reproductive endocrine profiles, have been documented 
previously in diverse fur-bearing species, for instance, by Fowler and 
Racey (1990), Forsberg and Madej (1990), Mustonen et al. (2000, 
2004b) and Nieminen et al. (2001b, 2004a). The seasonal increase in 
concentrations of circulating gonadotropins is linked to photoperiod, 
the length of the scotoperiod influencing the secretion of melatonin 
from the pineal gland (Yu and Reiter, 1993; Reece et al., 2011).  
The involvement of melatonin in the regulation of reproductive 
functions in some carnivorous fur-bearing species has been examined 
in various studies through the administration of melatonin via 
subcutaneous constant-release implants (Forsberg and Madej, 1990; 
Forsberg et al., 1990; Valtonen et al., 1992; Xiao, 1996; Xiao et al., 
1996). The effects of exogenous melatonin on reproductive cycles vary 
markedly, depending on the species and the season during which 
melatonin is administrated (Malpaux et al., 1993). In canids, early 
testicular recrudescence is induced by melatonin treatment in summer, 
when animals have quiescent testes, whereas testicular regression is 
delayed by melatonin administration during winter, when the animals 
have active testes (Smith et al., 1987). According to Yongjun et al. 
(1994), a higher serum testosterone level in early February indicated an 
earlier start and end of the breeding season in male raccoon dogs. 
The results of the present study confirm the observations that 
melatonin is responsible for the timing of reproduction also in the 
raccoon dog (II). Advancement of gestation due to continuous 
melatonin treatment was observed in the female raccoon dogs as an 
earlier progesterone peak. A similar advanced increase in the plasma 
progesterone levels in melatonin-treated blue fox vixens has been 
observed previously (Nieminen et al., 2004a). In the MEL male 
raccoon dogs, the peak of testosterone concentrations was detected a 
month earlier compared to the SHAM group (II). Testicular regression 
following the mating season was also advanced. Earlier testicular 
development due to exogenous melatonin has also been observed in 
silver foxes (Forsberg et al., 1990). 
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6.3 EFFECTS OF WINTERTIME FAST OR RESTRICTED FEEDING  
 
6.3.1 Weight-regulation and energy metabolism 
Fasting caused a linear weight loss of approximately 0.47% or 50 
g/day in the farmed raccoon dogs with nest boxes (I‒II, IV). Fasting 
raccoon dogs mostly derive their metabolic energy from TAG 
hydrolysis indicated by the elevation of their plasma free fatty acid 
concentrations during fasting (Mustonen et al., 2004b). There were no 
differences in the plasma lipid levels (TAG, total Chol, LDL- and 
HDL-Chol) between the RF and the fed animals (IV). During fasting, 
plasma TAG concentrations increased, indicating the release of energy 
reserves from WAT. After the fasting periods, plasma total Chol and 
HDL-Chol levels increased, but TAG concentrations decreased, 
suggesting the rebuilding of energy reserves.  
The raccoon dog seems to be able to respond to food deprivation 
also with the thyroid axis (Table 3). These data are supported by 
previous results of Korhonen (1987a) showing that food deprivation 
induces a decrease and over feeding an increase in the plasma T4 levels 
of raccoon dogs. The decreased plasma T3 and T4 concentrations (II, 
Nieminen et al., 2004b) may reflect energy conservation and a 
decrease in the basal metabolic rate (Nieminen et al., 2001a). Another 
canid, the blue fox, also displays decreased thyroid activity, probably 
in order to preserve energy during fasting (Nieminen et al., 2004a). In 
concert with these results (II‒III), reduced T3 and insulin 
concentrations are among the most consistent responses to fasting in 
mammals (Mustonen et al., 2009). The lowered insulin levels could be 
a stimulator for TAG hydrolysis. The different wintertime feeding 
regimes, including food deprivation, did not induce hypoglycaemia in 
the raccoon dogs (I, IV). Similar stable circulating glucose levels were 
observed also in fasting Japanese raccoon dogs (Kitao et al., 2009), 
whereas blue foxes seem to experience an occasional fasting-induced 
reduction in plasma glucose levels (Mustonen et al., 2006). 
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Table 3. Seasonal levels of thyroid hormones and weight-regulatory variables in the 
plasma of the wild and farmed raccoon dogs (II–IV; Mustonen et al., 2004b; 
Nieminen et al., 2002, 2004b). + or – = Significant changes between consecutive 
measurements within an experimental group. * = Significant difference between the 
fed and fasted animals. ± = Non-significant changes between consecutive 
measurements within an experimental group.  
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t
T3  = triiodothyronine, T4 = thyroxine, GH = growth hormone, nd = not 
determined. 
 
Leptin is assumed to be a signal initiating the neuroendocrine 
response to fasting (Ahima et al., 1996; Friedman and Halaas, 1998; 
Karonen et al., 1998). The high peak concentrations of leptin in farmed 
fed raccoon dogs in November may be responsible for the suppression 
of feeding behaviour (Nieminen et al., 2001a; 2002; Table 3). The 
subsequent abrupt fall of leptin levels possibly represents the point of 
transition from the autumnal metabolism of energy storage to 
wintertime catabolism. Previously, fasting had no effects on leptin 
levels in the raccoon dog (Nieminen et al., 2004b) in contrast to 
humans and rodents (Zhang et al., 1994). In fact, the plasma leptin 
concentrations displayed seasonal changes with no significant 
differences between the fed and fasted animals (Nieminen et al., 2002; 
Table 3). Similar results on raccoon dogs have also been documented 
by Kitao et al. (2011). In some arctic mammals, such as the reindeer 
(Rangifer tarandus tarandus), negative energy balance in winter 
causes decrease in circulating leptin concentration (Soppela et al., 
2008). Reduced leptin levels could be associated with increased levels 
of stress hormones, such as cortisol (Ahima et al., 1996); a 
                   Wild                  Farmed fed                  Farmed fasted 
Time 
period 
Nov Dec- 
March 
Oct- 
Nov 
Dec- 
Jan 
Feb-
March 
Oct- 
Nov 
Dec-Jan    
fasting 
Feb- 
March 
T3  ±    - -  ± -   ±   -   –* +* ± 
T4  ±    - ±  + -   ±   ±  –* + -   ± 
T3/T4  ±    ± + - + - ±  ±  + -   + - +* ± 
Leptin  ±    - +-+   - ±  nd + - +    ± ±  nd 
Ghrelin  ±    ± + -  ± ±  nd   ±    +* ±  nd 
GH  ±    ± + -  + ±  nd  + -    + ±  nd 
Insulin  +    - ± + - +  nd   ±    - +  nd 
Glucose  ±    ± ±  ± ±  nd   ±   –* + ±  nd 
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phenomenon that was not observed in wintering (fed or fasted) raccoon 
dogs (Mustonen et al., 2004b).  
Ghrelin concentrations increase rapidly during fasting and decrease 
with increased WAT mass in humans and rodents (Kojima et al., 1999; 
Takaya et al., 2000; Tschöp et al., 2000). Ghrelin also strongly 
stimulates GH release in humans. The endocrinological weight-
regulation of the raccoon dog differs from that of humans and 
laboratory rodents due to adaptations in order to withstand long-term 
wintertime food deprivation. Plasma ghrelin levels were low in fasting 
raccoon dogs in winter (Nieminen et al., 2002). This can be associated 
with suppression of food intake. However, ghrelin and GH levels 
increased due to food deprivation in a later experiment (Nieminen et al., 
2004b; Table 3). The same fasting-induced increase in ghrelin has been 
documented also in blue foxes (Mustonen et al., 2005). GH acts as an 
inhibitor of TAG accumulation and increases lipolysis (Richelsen, 
1997). In raccoon dogs, GH levels were high in mid-winter (Nieminen 
et al., 2002; 2004b; Table 3), and ghrelin could enhance lipolysis by 
increasing GH secretion (Nieminen et al., 2004b). The wintertime 
increase in GH may also represent an adaptation to winter rest 
(Mustonen et al., 2001). Rather than the amount of fat in the body, one 
regulator of levels of weight-regulatory hormones in the raccoon dog is 
presumably melatonin and the circulating concentrations of weight-
regulatory hormones seem to be relatively independent of fasting 
(Nieminen et al., 2002). Instead, these animals could have innate 
seasonal rhythms for the timing of energy storage and winter 
sleepiness timed by photoperiod and melatonin (Mustonen et al., 2001).  
 
6.3.2 Sex hormones and reproductive success 
The different feeding regimes used in mid-winter (intermittent fasting 
or restricted feeding) had no impact on the plasma concentrations of 
estradiol or progesterone in the farm-raised female raccoon dogs (II, 
IV). However, the plasma testosterone concentrations of the fasted 
males reached higher levels compared to those of the fed males in 
experiment II, but no differences were observed in relation to the 
feeding level in experiment IV. It is possible that food deprivation in 
winter accentuates the male raccoon dog’s sex steroid response. 
Sherman-Cooney et al. (2005) also found that estradiol and 
56 
 
Table 3. Seasonal levels of thyroid hormones and weight-regulatory variables in the 
plasma of the wild and farmed raccoon dogs (II–IV; Mustonen et al., 2004b; 
Nieminen et al., 2002, 2004b). + or – = Significant changes between consecutive 
measurements within an experimental group. * = Significant difference between the 
fed and fasted animals. ± = Non-significant changes between consecutive 
measurements within an experimental group.  
 
 
 
 
                                                          
T
3
 
=
 
t
T3  = triiodothyronine, T4 = thyroxine, GH = growth hormone, nd = not 
determined. 
 
Leptin is assumed to be a signal initiating the neuroendocrine 
response to fasting (Ahima et al., 1996; Friedman and Halaas, 1998; 
Karonen et al., 1998). The high peak concentrations of leptin in farmed 
fed raccoon dogs in November may be responsible for the suppression 
of feeding behaviour (Nieminen et al., 2001a; 2002; Table 3). The 
subsequent abrupt fall of leptin levels possibly represents the point of 
transition from the autumnal metabolism of energy storage to 
wintertime catabolism. Previously, fasting had no effects on leptin 
levels in the raccoon dog (Nieminen et al., 2004b) in contrast to 
humans and rodents (Zhang et al., 1994). In fact, the plasma leptin 
concentrations displayed seasonal changes with no significant 
differences between the fed and fasted animals (Nieminen et al., 2002; 
Table 3). Similar results on raccoon dogs have also been documented 
by Kitao et al. (2011). In some arctic mammals, such as the reindeer 
(Rangifer tarandus tarandus), negative energy balance in winter 
causes decrease in circulating leptin concentration (Soppela et al., 
2008). Reduced leptin levels could be associated with increased levels 
of stress hormones, such as cortisol (Ahima et al., 1996); a 
                   Wild                  Farmed fed                  Farmed fasted 
Time 
period 
Nov Dec- 
March 
Oct- 
Nov 
Dec- 
Jan 
Feb-
March 
Oct- 
Nov 
Dec-Jan    
fasting 
Feb- 
March 
T3  ±    - -  ± -   ±   -   –* +* ± 
T4  ±    - ±  + -   ±   ±  –* + -   ± 
T3/T4  ±    ± + - + - ±  ±  + -   + - +* ± 
Leptin  ±    - +-+   - ±  nd + - +    ± ±  nd 
Ghrelin  ±    ± + -  ± ±  nd   ±    +* ±  nd 
GH  ±    ± + -  + ±  nd  + -    + ±  nd 
Insulin  +    - ± + - +  nd   ±    - +  nd 
Glucose  ±    ± ±  ± ±  nd   ±   –* + ±  nd 
57 
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dogs (Mustonen et al., 2004b).  
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testosterone concentrations increase with fasting among weaned 
northern elephant seal (Mirounga angustirostris) pups. 
The reproductive success of the farm-bred female raccoon dogs 
displayed clear interannual variation, and the average number of cubs 
born was significantly higher in the year with the lowest average BM, 
energy intake and Ta (I). When the reproductive performance of the 
females was analyzed according to different categories of BM, the 
females in the 5‒7 kg category before the breeding season had the 
highest number of offspring. This difference was significant when 
compared to the females in the higher BM categories (7‒9 kg and 9‒11 
kg). In fact, the females in the heaviest BM category (9‒11 kg) had no 
surviving offspring two weeks after parturition. Furthermore, the 
number of two-week-old offspring correlated negatively with the BM 
at the beginning of the breeding season. In women, an exceptionally 
high or low BMI is associated with reduced probability of achieving 
pregnancy (Parihar, 2003). This indicates that BMI could have an 
inverted “U-type” effect on reproduction. The results of experiment 
I suggest that excess obesity during the breeding of the farm-raised 
female raccoon dogs could have deleterious effects on their 
reproductive success. However, in experiment IV, the different 
wintertime feeding regimes had no impact on reproductive success. 
Among other mammals, obesity causes reproductive impairment, for 
example, in the quality of oocytes and early embryos (Robker, 2008). 
The raccoon dog has high fertility compared to other canids of 
similar size (Helle and Kauhala, 1995). The species is especially 
productive in the Finnish environment, with an average of 8.8 
cubs/litter and 5.5 cubs/litter for a one-year-old female. It can be 
surmised that sexual maturation, reproduction or successful seasonal 
rest depend heavily on having sufficient energy reserves. However, 
there were no signs of inhibited reproduction after wintertime 
catabolism in the fasted raccoon dogs (I, IV). In concert with the 
results on raccoon dogs, Miettinen (1995) observed that farm-bred blue 
fox vixens with a BM of less than 6.9 kg at mating had the best 
reproductive success. Moreover, Tupeli (2012) found that blue fox 
vixens with a high BM during the pelting season followed by heavy 
weight loss before the reproduction period had poor breeding results. A 
relatively low BM at the beginning of the breeding season tended to 
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increase the percentage of successfully reproducing blue fox vixens 
when using artificial insemination (Sanson and Farstad, 2003; 
Pyykönen, 2008). Furthermore, early selection of young blue fox 
females for breeding followed by restricted feeding led to an increase 
in their reproductive performance (Pyykönen, 2008). Also, autumnal 
food quality (plant vs. animal-derived material and their proportions in 
ME) had effects on the reproductive performance of raccoon dogs in 
the following spring (Lorek and Gugolek, 1993). One of the principal 
results of the present studies was that food deprivation up to 9 weeks in 
mid-winter did not affect the reproduction of the captive raccoon dogs 
in a deleterious manner (I, IV). 
 
6.3.3 Well-being  
The endocrine and biochemical variables connected with general 
health displayed some changes during and after fasting in the farm-
raised raccoon dogs (I, IV; Mustonen et al., 2004b; Nieminen et al., 
2004b). The plasma cortisol concentrations of the animals remained 
low in mid-winter (IV), and also previously, fasting did not increase 
the levels of cortisol or catecholamines in raccoon dogs (Nieminen et 
al., 2004b). Low plasma cortisol in mid-winter and during fasting 
(III‒IV) may contribute to protein conservation and could help to 
preserve homeostasis in the carbohydrate metabolism (Reece et al., 
2011). Urea, CK and GT levels can be used as indicators of cachexia 
and muscle wasting (Hyvärinen et al., 1976). Protein conservation in 
the raccoon dogs was supported by the fact that their circulating urea, 
CK, GT (I) and plasma TP concentrations (IV; Mustonen et al., 2004b) 
remained stable during fasting. Plasma urea concentrations have also 
been found to decrease due to wintertime fasting in raccoon dogs, and 
they can maintain a constant protein catabolism level for at least 60 
days (Mustonen et al., 2004b). In the Japanese subspecies, N. p. albus, 
serum urea nitrogen decreased by 43–45% from autumn to spring, also 
suggesting protein conservation during fasting (Kitao et al., 2009). 
It is possible that the urea-N of the raccoon dog is partly recycled 
for de novo synthesis of amino acids and proteins, similar to that of 
bears (Nelson et al., 1983). NH3 produced in the gut could be 
transported via the portal circulation to the liver, which could utilize it 
for the production of, e.g., glutamine and other amino acids (Mustonen 
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increase the percentage of successfully reproducing blue fox vixens 
when using artificial insemination (Sanson and Farstad, 2003; 
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al., 2004b). Low plasma cortisol in mid-winter and during fasting 
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and muscle wasting (Hyvärinen et al., 1976). Protein conservation in 
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CK, GT (I) and plasma TP concentrations (IV; Mustonen et al., 2004b) 
remained stable during fasting. Plasma urea concentrations have also 
been found to decrease due to wintertime fasting in raccoon dogs, and 
they can maintain a constant protein catabolism level for at least 60 
days (Mustonen et al., 2004b). In the Japanese subspecies, N. p. albus, 
serum urea nitrogen decreased by 43–45% from autumn to spring, also 
suggesting protein conservation during fasting (Kitao et al., 2009). 
It is possible that the urea-N of the raccoon dog is partly recycled 
for de novo synthesis of amino acids and proteins, similar to that of 
bears (Nelson et al., 1983). NH3 produced in the gut could be 
transported via the portal circulation to the liver, which could utilize it 
for the production of, e.g., glutamine and other amino acids (Mustonen 
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et al., 2004b). The plasma creatinine levels increased during the first 5 
weeks of fasting, but decreased to the level of the other groups during 
the second fasting period (IV). The increase of plasma creatinine 
concentrations could be due to suppressed renal function (Van Slyke et 
al., 1934; Franzmann and Schwartz, 1988). In the present studies, the 
growth, body length, BM or BMI of the cubs during pelting were not 
affected by the fasting treatment of their parents (I). To conclude, these 
data suggest that restricted feeding or periods of prolonged food 
deprivation lasting up to 11 weeks in mid-winter do not induce 
deleterious effects on the health of the farm-raised raccoon dogs.  
 
 6.4 FASTING TOLERANCE OF THE RACCOON DOG 
 
Mammals and other animals obtain the energy for basal metabolism, 
physical activity, growth and reproduction from their food. When food 
is not available, animals must use their energy stores, and no seasonal 
rest is feasible without sufficient energy reserves. Fasting tolerance 
reflects the ability of the animal to store energy and control its 
allocation during extreme resource limitation. In the raccoon dog, 
metabolic energy during prolonged fasting is principally derived from 
WAT (Mustonen et al., 2007ab). 
Unless adequate energy reserves have been stored, prolonged food 
deprivation can be hazardous. The metabolic response to starvation in 
the raccoon dog, similar to that of many other mammals and also birds 
(Goodman et al., 1980; Cherel et al., 1988; Le Maho et al., 1988), can 
be divided into three phases: early (I), prolonged (II) and terminal 
starvation (III). Phase I with high rates of glycogenolysis lasts for only 
a few days. Fat stores are the primary substrate for metabolic energy 
during phase II. During this phase, protein utilization is at a low level 
and BM generally decreases in a linear manner. At the onset of phase 
III, lipid stores are exhausted and protein catabolism with an increased 
rate of BM loss eventually causes death if food does not become 
available. Urea is the primary end product of protein catabolism in 
mammals (Mathews and van Holde, 1996). Intake of energy at a sub-
maintenance level during conditions of stress leads to protein 
catabolism, which may increase blood urea concentrations (Hyvärinen 
et al., 1976). However, the circulating urea levels of the raccoon dogs 
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were either not affected by fasting (I) or they decreased by 30‒60% 
(Mustonen et al., 2004b; Kitao et al., 2009).  
These data indicate that phase III of fasting, characterized by 
protein catabolism, was not reached in the raccoon dogs. Similar 
results were previously reported in denning black and European brown 
bears (Ursus americanus and U. arctos arctos, Nelson et al., 1983; 
Franzmann and Schwartz, 1988; Hissa et al., 1994, 1998). According 
to Mustonen et al. (2004b), fasted raccoon dogs had lower plasma 
urea/creatinine-ratios than did fed animals. The same phenomenon has 
been observed in overwintering bears (Nelson et al., 1984; Franzmann 
and Schwartz, 1988; Hellgren et al., 1990), and the urea/creatinine-
ratio ≤ 10 has been considered a biochemical indicator of hibernation. 
This was observed in the raccoon dogs after fasting for 6‒8 weeks 
(Mustonen et al., 2004b). Based on the collected data, there were no 
indications that the fasted raccoon dogs had entered phase III of 
starvation during the present experiments (I, IV). 
 
6.5 OVERWINTERING STRATEGIES OF THE RACCOON DOGS 
IN BOREAL NATURE 
 
The raccoon dog is the only canid with prolonged winter passivity. The 
present studies support the hypothesis that relatively long periods of 
food scarcity are an integral part of the natural history of the species. 
Adult animals can remain mostly passive in mid-winter (December–
February) as a result of this fasting ability. According to Kauhala et al. 
(2007), raccoon dogs usually stay in their dens when Ta is < –10 ºC, 
snow depth > 35 cm and day length < 7 h. During crucial periods 
(breeding season and winter), raccoon dogs use shelters offering better 
protection against predation and cold (Kowalczyk and Zalewski, 2011). 
However, the raccoon dog seems to have a better ability to move on 
snow than would be expected on the basis of its morphology 
(Korhonen and Harri, 1984). In winter, the use of traffic routes and 
tracks made by other animals or by the raccoon dogs themselves 
enhances the possibilities for foraging, even during snowy winters. 
Especially young raccoon dogs with low adiposity seem to use this 
possibility in mid-winter, too (J. Asikainen, personal observations). 
The studied raccoon dogs displayed significant wintertime mobility in 
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the study area (V), and the winter home range sizes reported recently 
by GPS (Mustonen et al., 2012) were even larger than our previous 
estimates acquired by radio tracking. 
Reduced food intake or foraging has been documented in various 
species during the unproductive season (Marchand, 1996). It seems 
that—similarly to the case of bears (Geiser, 2004)—winter lethargy is 
not obligatory for raccoon dogs, as they can be active almost 
throughout the winter in more temperate areas (Drygala et al., 2000) 
and also in eastern Finland (Mustonen et al., 2012). One way to avoid 
conflicts between feeding and other biological demands is to lower the 
set-points of BM or body fat that elicit foraging behaviour. This would 
lead to anorexia, loss of appetite (Mrosovsky and Sherry, 1980). 
However, raccoon dogs exit their dens, eat and urinate during milder 
weather even in mid-winter (Kauhala et al., 2007; V), whereas denning 
brown bears remain inactive for several months without food intake, 
urinating or defecating (Hissa, 1997). Raccoon dogs defecate and 
urinate on latrines, which are located close to their winter dens (V). 
Torpor is a physiological state of decreased activity and metabolism. 
Daily torpor is usually defined as a regular reduction of Tb below 31 ºC 
and it is usually present in small rodents (Hudson, 1978). During deep 
torpor, the metabolic rate can decrease to about 30% of the basal 
metabolic rate (Geiser, 2004), which can provide significant savings in 
energy expenditure during the cold season (Humphries et al., 2003). It 
has been established that raccoon dogs can reduce their metabolic rate 
by 25% in winter (Heptner et al., 1974) and their heart rate can be 
18‒36% lower during fasting in captivity (Kitao et al., 2009). The 
small decrease in Tb observed in the present study (V) strongly 
indicates that torpor does not occur in the raccoon dog. To classify the 
wintertime passivity of the species more precisely, the definition of 
shallow winter sleep occurring among black bears and raccoons 
(Procyon lotor) could be broadened to include the raccoon dog. The 
wintering strategy of the raccoon dog could also be called shallow 
torpor with intermittent winter lethargy (Korhonen and Harri, 1984; 
Geiser and Ruf, 1995; Heldmaier et al., 2004) or superficial 
hibernation (Asikainen et al., 1985). 
According to Mustonen et al. (2012), overwintering raccoon dogs 
were active participants in the food web, and their opportunistic 
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feeding depended partly on human activity. Ta appeared to be an 
important external factor influencing Tb during overwintering. 
Moreover, the physical activity levels had positive covariance with Ta 
and negative covariance with the depth of snow cover (V). The winter 
sleep of the raccoon dog could be susceptible to global warming, with 
a reduction in the total length of winter sleep and/or a more 
intermittent pattern of passivity. In summary, the wintertime passivity 
of wild raccoon dogs seems to be controlled principally by 
environmental factors, such as food availability, Ta and depth of snow 
cover. 
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7 Recommendations for 
farming  practice 
The maximum BM of raccoon dogs is achieved during November–
December. Thereafter the BM gradually decreases although food is 
freely available on farms. This is connected with a voluntary reduction 
of food intake. The low level of food intake continues until mid-March, 
although occasionally, when the Ta is higher, the animals’ appetite is 
restored (Korhonen, 1988b). Daily feeding keeps the animals active 
and may cause repeated interruptions in naturally-occurring wintertime 
passivity. Economically, it is also less profitable to over feed raccoon 
dogs during cold periods. Financial benefits could be achieved by 
utilizing restricted feeding with no decrease in reproductive 
performance.  
In conclusion, wintertime fasting is not hazardous to raccoon dogs, 
especially not to farm-raised animals with a high pre-fasting BMI in 
December. Animals with high adiposity can pass the mid-winter in 
good body condition independent of food availability. Wintertime food 
deprivation could also bring raccoon dog farming closer to the natural 
history of the species and thus increase the well-being of the animals. 
Restricted feeding in winter could be made a part of the welfare-
assessment protocols (Welfare Quality® protocol, European Fur 
Breeder´s Association) for farmed raccoon dogs in Finland.  
It has been established that raccoon dogs do not exhibit winter sleep 
on fur farms mainly due to the lack of available nests (Asikainen, 1983; 
Korhonen, 1987a). If a nest is available, raccoon dogs will use it and 
become more lethargic (Fig. 4, J. Asikainen, personal observations). 
Moreover, it has been observed that the animals that have had the 
opportunity to use a nest since early winter have pelts of a higher 
quality in late winter (Asikainen, 1983). 
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Fig. 4. The present practice (left) and the alternative (right) for raccoon dogs in 
fur farms: resting on the grid or in a nest box (images by J. Asikainen). 
 
Specific applications to farming practice could be as follows:  
 
In mid-winter, a wide range of feeding practices could be used safely 
in raccoon dog farming. Winter sleep could be induced on fur farms by 
restricting the amount of nutrition or by periodical withdrawal of food 
and by providing the animals with nest boxes lined with straw but 
without a roof, in December–March (Fig. 4). Nests without a roof 
would allow the daily inspection of animals. Fasting periods with a 
cumulative length of up to 8 weeks could be applied between the 
beginning of December and the middle of March. Fasting periods 
could be interrupted during milder weather (Ta > –10 ºC) or when the 
animals display activity.  
Periods with restricted feeding and fasting would bring fur farming 
closer to the natural biological rhythms of the raccoon dog, but cause 
no negative effects on its well-being. The reproduction of farmed 
raccoon dogs could benefit from periods of negative energy balance in 
mid-winter before the breeding season. 
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8 Conclusions 
1. In autumn, the raccoon dogs gain BM effectively in the form of fat 
reserves. During harsh winters raccoon dogs are passive and fast using 
their body fat as the principal metabolic fuel. Photoperiod and 
melatonin trigger the seasonal changes in metabolism and 
endocrinological state, allowing wintertime passivity. 
 
2. Farm-bred raccoon dogs can tolerate food deprivation and fast for up 
to 11 weeks in mid-winter without observable negative effects on their 
health or reproduction. The observed physiological phenomena, 
including the ability for protein conservation and lowered metabolism, 
emphasize the adaptation of the species to long periods of food scarcity 
in winter. 
 
3. The wintering strategy of the raccoon dog could be classified as 
shallow winter sleep or intermittent winter lethargy. The decrease in 
the Tb of the raccoon dogs during passivity was moderate (1.4‒2.1 ºC). 
The wintertime passivity of wild raccoon dogs seems to be controlled 
principally by environmental factors, such as Ta and food availability.  
 
4. Winter sleep could be introduced for farm-bred raccoon dogs by 
restricting the amount of nutrition or by periodic withdrawal of food 
and by providing the animals with nest boxes. Fasting periods with a 
cumulative length of up to 8 weeks could be applied between the 
beginning of December and the end of March. 
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